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Oscar Elton Seth 

1900- 1972 

Dr. Sette’s contributions to fisheries science are 
manifold and cover more than half a century of active 
work as a fishery biologist and administrator. 

From 1949 to 1955 he acted as chief of the newly es- 
tablished Pacific Oceanic Fishery Investigations 
(POFI), a Honolulu-based research facility of the Fish 
and Wildlife Service, U.S. Department of the Interior 
(presently the Honolulu Laboratory of the Southwest 
Fisheries Center, National Marine Fisheries Service, 
NOAA, U S .  Department of Commerce). Here he was 
responsible for the development of a high-seas 
fisheries program in the central Pacific Ocean, a 
program that laid the groundwork for much of what is 
known today of the tunas, sharks, and billfishes of this 
expansive body of water-. Although much of the 
research effort of his staff at  POFI was devoted to 
tunas as the principal pelagic species of commercial 
interest, Dr. Sette was among the first to recognize the 
need to study the full spectrum of the food web in 
order to understand the various biological resources of 
the ocean. The research on billfishes undertaken dur- 
ing and after his tenure in Honolulu is a result of his 
appreciation of the need to collect data from all levels 
of the ecosystem. Dr. Sette was also one of the first to 
advocate integrating the field of biology with those of 
oceanography and meteorology. 

Oscar Elton Sette was born in Clyman, Wis., on 29 
March 1900. In 1910 his family moved to southern 
California, where he completed his intermediate and 
high school education. He received his Bachelor of 
Arts degree from Stanford University in 1922, a 
Master’s degree in Biology from Harvard University 
in 1930, and a Doctorate in Biology from Stanford 
University in 1957. 

During a career which extended over 50 years, Dr. 
Sette served in various research and administrative 
capacities with the California State Fisheries 
Laboratory, and the National Marine Fisheries Ser- 
vice and its predecessor agencies. Beginning in 1924 
with the U S .  Bureau of Fisheries, he held positions as 
Chief, Division of Fishery Industries in Washington, 
D.C.; Chief of t he  North Atlantic Fishery 
Investigations; Chief of the South Pacific Fishery 
Investigations; Chief, Pacific Oceanic Fishery 
Investigations; and Director, Ocean Research 
Laboratory, on the campus of Stanford University. 

De. Sette “retired” in 1970, but continued his 
research as an “annuitant” employee of the Federal 
Government until his death in July 1972. 

John K. Howard 

1891-1965 

John K. Howard was an outstanding example of a 
man whose interest in ocean science led to a second 
career after retirement from law practice. His many 
friends throughout the world remember his great 
enthusiasm, combining a passion for sport fishing 
with a desire to increase our knowledge of the big- 
game fishes, in particular the billfishes. He sponsored 
and directed a research program at the Institute of 
Marine Science, University of Miami, and also gave 
much logistic aid to ichthyologists around the world. 
His travels took him to East Africa, Australia, New 
Zealand, and Japan. He also visited Portugal, Spain, 
and Italy, where he collected large numbers of spear- 
fish and white marlin in an attempt to solve the 
specific identity of the Mediterranean spearfish. 

Shortly before his death he completed, with Dr. 
Shoji Ueyanagi of Japan, a large report on the 
seasonal and geographic distribution of billfishes in 
the Pacific Ocean. His similar work on these fishes in 
the Indian Ocean was completed by Dr. Walter A. 
Starck 11. 

John K. Howard was born in Paris, France, on 4 
April 1891. He received his undergraduate degree 
from Harvard College in 1915 and his law degree from 
Harvard College in 1917. After retiring from law prac- 
tice he studied ichthyology at  the University of 
Miami. He served in both World Wars as an army of- 
ficer, achieving the rank of colonel. 



GENERAL REPORT 

Introduction 

The Symposium was sponsored by the National 
Marine Fisheries Service (NMFS) of the National 
Oceanic and Atmospheric Administration, U.S. 
Department of Commerce, and was held at Kailua- 
Kona, Hawaii, from 9 to 12 August 1972. The Sym- 
posium was cosponsored by the County of Hawaii, the 
Hawaii State Division of Fish and Game, the Marine 
Affairs Coordinator of the State of Hawaii, and the 
Hawaiian International Billfish Tournament (HIBT). 
The Food and Agriculture Organization of the United 
Nations (FAO) also actively supported the Sym- 
posium. 

Background 
Since the mid-1960's the pelagic waters of the 

world's oceans extending from about lat. 40"N to 40"s 
have been fished with longline gear for fish species of 
commercial importance. The principal species sought 
have been the tunas; thus, these pelagic fishes have 
received considerable attention from biologists and 
fishery administrators, Tunas have been the subject 
of discussions at the Scientific Meeting on the Biology 
of Tunas and Related Species held in La Jolla, Calif., 
2-14 July 1962; the Symposium on Scombroid Fishes 
held in Mandapam Camp, India, 12-15 January 1962; 
and the Governor's Conference on Central Pacific 
Fishery Resources held in Hawaii, 28 February-12 
March 1966. Further, those tuna species of commer- 
cial importance have been the focus of attention in re- 
cent years and have been the subject of review at an- 
nual international meetings, e.g., Inter-American 
Tropical Tuna Commission (JATTC) and Inter- 
national Commission for the Conservation of Atlantic 
Tunas (ICCAT), and domestic meetings, e.g., Pacific 
Tuna Conferences. 

Unlike the tunas, the other major group of pelagic 
fishes taken by longline gear-the billfishes-has 
received very little attention. The relatively large size 
attained and the difficulty in obtaining adequate 
numbers of specimens for examination have kept our 
knowledge of billfishes to a low level. Studies under- 
taken by individual scientists have been based on few 
specimens, specimens principally collected a t  the 
centers of sport fisheries. Access to data and 
specimens collected by the extensive longline fisheries 
has been limited primarily because the accom- 
modations aboard commercial longline vessels are 
limited and fishing trips generally extend over periods 
of several months. The principal reason for this 
restricted information, however, has been the lack of 
urgency and priority expressed by administrators of 
the major fishing countries. 

During the past 5 or 6 yr the need to assess the 
status of stocks of the various species of the billfishes 
has hecome apparent. This has been reflected in the 

concern expressed by sport fishermen throughout the 
world regarding the declining catches of billfishes and 
the increased importance of billfishes noted by the 
commercial interests. The sport fishery catch rates of 
sailfish in the Pacific waters off Mexico have declined 
dramatically in the last decade. This decline has been 
attributed to the intensive longline fishery which 
started in 1963. 

In 1970, NMFS held a workshop at the Tiburon 
Fisheries Laboratory to: 1) review briefly the available 
background knowledge of billfish biology, 2) evaluate 
data relating to the assessment of billfish resources, 
and 3) explore the types of cooperative research need- 
ed in order to accomplish objectives outlined in 1) and 
2). 

In order to highlight their importance, a special ses- 
sion on billfishes was held at the 22d Tuna Conference 
(October 1971) a t  Lake Arrowhead, Calif. At the con- 
ference a series of papers presented on billfishes again 
reiterated the need for a major symposium to bring 
together all known information on the subject. 

On the basis of these preliminary meetings, NMFS 
decided to sponscjr an international billfish sym- 
posium. This was to be the first major symposium 
organized by the newly created NMFS. In selecting a 
location for the symposium, the organization com- 
mittee decided to hold it in conjunction with the 
HIBT, which is held annually a t  Kailua-Kona, 
Hawaii. This joint arrangement had the advantages of 
1) having available a t  the symposium sport fishermen 
from a number of countries, and 2) permitting billfish 
specimens to be made available to scientists for 
research purposes. 

Opening Session 
Mr. Richard S. Shomura, Cochairman of the 

Symposium, called the meeting to order and in- 
troduced the Honorable Shunichi Kimura, Mayor of 
the County of Hawaii. Mayor Kimura in his address1 
welcomed the Symposium participants to the Island 
of Hawaii. He stressed that in developing the islands' 
resources there is a need for a well balanced mix of in- 
digenous basic industries and scientific research in 
complementary disciplines. Mayor Kimura men- 
tioned how appropriate in this respect were some of 
the research projects located on Hawaii, such as those 
in tropical agriculture, astronomy, geothermal energy, 
volcanology, and atmospheric sciences. He was 
delighted that fisheries expertise, in the form of the 
Symposium and its participants, had come to Kailua- 
Kona where sport fishing, especially the annual 
HIBT, is such a valuable part of the recreational and 
tourist activities. 

Mr. Shomura then introduced Mr. Philip M. 
Roedel, Director, NMFS. Mr. Roedel, in his opening 
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addred ,  brought greetings from Dr. Robert M. 
White, Administrator of the National Oceanic and 
Atmospheric Administration. This was the first scien- 
tific symposium organized by NMFS since ita forma- 
tion in October 1970. The two primary reasons for 
holding the Symposium were 1) scientific studies of 
billfishes on a global scale were very limited, and 2) it 
would provide a forum for interactions between sport 
fishermen and scientists with regard to a high-seas 
fishery. Mr. b d e l  noted that notwithstanding the 
long recognized importance of billfishes in worldwide 
sports and commercial fisheries, we have very little 
idea of the size of the resource. Published data on the 
various species are sparse and scattered, and much in 
Japanese, and thus the Symposium Proceedings 
would provide the basic background information es- 
sential for further detailed studies of the billfishes. 
Though there are considerable biological, socio- 
economic, and politico-legal problems to be solved 
with regard to billfishes, they are included in only one 
international group concerned with management, i.e., 
the ICCAT. Mr. Roedel referred to the occurrence of 
heavy metals in billfishes and the intense public in- 
terest in this aspect, which had prompted the special 
symposium evening session on the subject. In conclu- 
sion, he noted the success of the various cooperative 
programs between sport fishermen and scientists, es- 
pecially in tagging, which is important in migration 
studies of billfishes. 

Further addresses3 of welcome were made by Mr. 
Michio Takata, Director, Hawaii State Division of 
Fish and Game, Mr. J. Thomas Stuart I11 represent- 
ing Dr. John P. Craven, Hawaii State Marine Affairs 
Coordinator, and Mr. Peter S. Fithian, Chairman, 
Board of Governors, HIBT. Mr. Shomura then read 
the text of a cable‘ received from Mr. F. E. Popper, 
Assistant Director-General, Department of Fisheries, 
Food and Agriculture Organization of the United 
Nations, Rome, Italy. 

Dr. F. Williams, Symposium Cochairman, in open- 
ing the scientific part of the Opening Session indicated 
that the intention of the organizing committee was 
to commence with comprehensive and up-to-date 
reviews, on a worldwide basis, of the commercial and 
sport fishing fisheries activities for billfish. The 
two scientists chosen for this task, respectively 
Dr. Shoji Ueyanagi and Dr. Donald P. de Sylva, are 
experts in these fields and share a common linkage 
with the late John K. Howard with whom they worked 
closely. Dr. Williams then introduced the speakers, 
whose presentations are given in full in Part 2 of the 
Proceedings. 

In his review of the commercial fisheries for 
billfishes, Dr. Ueyanagi stated that the present world 
production of billfishes is approximately 100,OOO tons 

‘See Annex 3. 
‘See Annexes 4, 5, and 6. 
‘See Annex I. 

per year, of which more than 90% is taken by the tuna 
longline fishery. Japan alone produces about 70% of 
the world’s catch of billfishes and is the principal con- 
sumer nation of these fish. 

Although billfishes account for only about 18% of 
the longline catches, they are presently of con- 
siderable importance, especially among the fishery 
products utilized in Japan. Dr. Ueyanagi discussed 
the value and utilization of billfishes in Japan and 
described how billfishes have gained status as a quali- 
ty fish, commanding prices comparable to the tunas. 
In addition, he described the expansion of the longline 
fishery, showing that by 1965 the fishery had covered 
the entire distributional range of the billfishes. Catch 
and effort data for billfishes indicate that swordfish is 
the only species which has shown an increase in land- 
ings in recent years; blue marlin landings have 
decreased in the South Pacific, Atlantic, and also, to a 
slightly lesser degree, in the Indian Ocean, while the 
catch of the striped marlin has fluctuated greatly 
from year to year. 

Dr. de Sylva stated that sport fishing for billfishes 
takes place in nearly all warm waters, primarily in 
tropical and subtropical seas. In probable descending 
order of relative abundance, the principal species 
caught by anglers are: sailfish, white marlin, blue 
marlin, striped marlin, black marlin, swordfish, and 
spearfish. He then indicated the areas of the world 
ocean where the most important sport fisheries are 
presently located. In some regions maximum angling 
effort coincides with maximum availability of billfish, 
while in other regions, especially in the western North 
Atlantic Ocean, Dr. de Sylva stated that maximum 
angling pressure is correlated with angling tour- 
naments which in turn relate to summer vacations 
and the tendency of most anglers to fish only during 
good weather. Angling for billfish during the “off 
season” may well produce good results in areas which 
are heavily fished only at certain periods. It seems 
likely that new billfishing regions can be developed, 
but this requires the assistance of local governments 
to provide or insure adequate sport fishing vessels, 
docks, bait, and, especially, qualified captains and 
crew. 

Dr. de Sylva believes that the relative inefficiency 
of the gear used by anglers to catch billfish makes it 
unlikely that angling can seriously deplete the stocks, 
other factors such as natural environmental fluc- 
tuations, pollution, or commercial fishing being 
equal. There is little evidence that commercial 
fisheries are seriously affecting the sport catches. An 
exception is in the eastern Pacific Ocean, where the 
mean size of sailfish and striped marlin has decreased; 
these decreases may be attributed to heavy commer- 
cial fishing pressure from longline fleets. 

The economic value of the billfish sport fishery is 
extremely important to local communities which sup- 
port angling activities. In spite of some conser- 
vationist feelings promoting release of billfish which 
are not tagged, Dr. de Sylva noted that catches could 
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be retained for human consumption without seriously 
depleting the stocks, thus further contributing to local 
economics. 

Officers and Organization of Work 
Officers of the Symposium 

Cochairmen: 
Richard S. Shomura 
F. Williams 

Sectional Officers: 
Section 1. Species Identification 

Chairman: William J. Richards 
Rapporteur: Izumi Nakamura 

Chairman: C. Richard Robins 
Rapporteur: Eugene L. Nakamura 

Chairman: Nigel Merrett 
Rapporteur: Witek Klawe 

Chairman: Shoji‘Ueyanagi 
Rapporteur: James S. Beckett 

Mercury in Billfishes 
Chairman: Peter S. Fithian 
Rapporteur: John Baxter 
Panel Members: James S. Beckett 

Section 2. Life History 

Section 3. Distribution 

Section 4. Fisheries 

Special Session: 

Albert C. Kolbye, Jr. 
Richard E. Marland 
Richard S. Shomura 
Cynthia D. Shultz 

Special Session: 
Sportsmen - Scientists 
Symposium Summary: Frank J. Hester 
Panel Discussion 
Chairman: Dudley C. Lewis 
Rapporteur: Peter S. Fithian 
Sportsmen: Peter Goadby 

George Parker 
Richard H. Stroud 

Scientists: William L. Craig. 
C. Richard Robins 
James L. Squire 

Secretariat: 
Robert Bonifacio 
Robert T. B. Iversen 
Marjorie C. Siu 

Organization of Work.-Following the overview 
papers on commercial and sport fishing activities for 
billfishes given at the opening session, the Sym- 
posium was organized into four sections and two 
special sessions. The sections covered the fields of 1) 
Species Identification, 2) Life History, 3) Distribu- 
tion, and 4) Fisheries. There were 6 papers con- 
tributed in Section 1, 13 in Section 2, 10 in Section 3, 
and 7 in Section 4. A discussion period concluded the 
presentation of the papers in each section. The first of 
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the special sessions was devoted to consideration of 
the problems related to the mercury level in fishes and 
consisted of both formal presentations and a question- 
and-answer period open to the public. The second of 
the special sessions was a forum for the exchange of 
views between sport fishermen and scientists held at 
the end of the Symposium. It commenced with a sum- 
mary of the scientific sessions of the Symposium, 
followed by informal presentations on various billfish 
topics by a mixed panel of sportsmen and scientists. A 
subsequent extensive discussion period was open to 
all. 

Sectional Reports 
Species Identification.-At this session six papers 

were presented covering various aspects of the iden- 
tification of billfishes from young stages through 
adults, including the fossil record of these fishes. The 
fossil record is rather scant, with most of the material 
consisting of fossilized bills. Additional research in 
this area of study will add greatly to our knowledge of 
the phylogenetic relationships of these animals. 

The identity of adults is quite well understood at 
this time with the exception of the so-called “hatchet 
marlin” which occurs in the Atlantic and possibly the 
Pacific Ocean. Evidence was presented that .Tetrap- 
turus georgei is a valid species in the Atlantic Ocean. 
The question of whether or not the blue marlins and 
the sailfishes in the Atlantic and Indo-Pacific Oceans 
are distinct species, subspecies, or subpopulations is 
still unresolved, as is the presence of black marlin in 
the Atlantic Ocean. Research in the sea area off the 
tip of South Africa should resolve some of these 
problems. 

Three papers on the identity of the young stages of 
billfishes emphasized the need for further research, 
especially the study of variations in morphology. Data 
were also presented on additional characters which 
are useful in the separation of the young of Indo- 
Pacific species. Fruitful avenues for future research 
were suggested. These included a need for additional 
material, particularly small juveniles, and a need to 
rear these animals in the laboratory. The young stages 
of swordfish are quite well understood and present no 
problems. 

In conclusion, the absence of information on the 
anatomy of all life stages and of the eggs of 
istiophorids was commented upon. Further it was 
stressed that the scientific nomenclature and the 
common names for these species should remain 
stabilized and not be allowed to fall into disarray. 

Life History.-Thirteen papers were presented in 
the session on life history. Four papers dealt with the 
general biology of billfishes: the Atlantic blue marlin 
around Jamaica (not included in Part 2); the Atlantic 
sailfish off south Florida; billfishes in the eastern 
tropical Pacific Ocean; and swordfish in the northwest 
Atlantic Ocean. Another paper discussed present and 



future research on billfishes in Australia and New 
Zealand (abstract only, in Part 2). Three papers dealt 
with morphology: morphornetrics of eastern Pacific 
billfishes; length-weight data of western Atlantic 
billfishes; and length-weight relations of central 
Pacific billfishes. Two papers were presented on mer- 
cury content in billfishes: one on northwest Atlantic 
swordfish and the other on billfishes from Hawaii and 
southern California. The remaining three papers dealt 
with various aspects of life history: food and feeding 
habits of swordfish in the northwestern Atlantic 
Ocean; maturation and fecundity of Hawaiian 
swordfish; and gastric ulcers in blue marlin and black 
marlin from Hawaii. 

The papers, and the questions and discussions 
following the papers, reinforced the belief of biologists 
that although several aspects of the biology of 
billfishes are now known, much more must be learned. 
The life history of any one species is far from being 
completely known. 

Much data have been obtained in the past from tax- 
idermists. The bias of using such data for certain 
types of studies, such as growth, was explained. 

Two papers referred to parasites. The existence of 
substantial literature on parasites of billfishes was 
pointed out, along with a need to collate this material. 

Attempts a t  aging billfish by counting rings of hard 
parts such as spines was reported for Atlantic sailfish 
and Atlantic swordfish, but no success had yet been 
attained owing to the inability to determine what 
length of time a single ring represented. 

Pollution was mentioned as a possible factor in 
decreased sailfish catches off south Florida. Sailfish 
occur closer inshore than other species of billfishes, 
and thus could be seriously affected. This was the 
only time pollution was mentioned. 

Distribution.-During this section of the Sym- 
posium it became apparent that many facets of 
research on istiophorids and xiphiids are of interest, 
not only to the billfish biologists but also to a much 
wider scientific community. One report contained in- 
formation which should be of particular interest to 
zoogeographers; another was concerned with 
oceanographic studies directed primarily towards 
billfish biology. In  t h e  l a t t e r  s tudy  ocean 
temperatures were monitored by means of an airborne 
infrared sensor, and the data obtained proved to be of 
immediate use to meteorologists, environmental 
engineers, and other scientific and technical groups. 

The Symposium audience was pleased to hear 
repeatedly just how much the sportsmen have been 
able to help the scientists. Billfish tagging illustrates 
this very well. A great deal has been learned about 
billfishes from recapture of marked fish. Although 
most of the billfish tagging has been done by 
sportsmen, the commercial fishery’s role in tagging 
operations cannot be overlooked. Activities of the 
latter is limited mainly to tag returns, including ac- 
companying data on the fish. Perhaps more billfish 

could be tagged during commercial operations; this 
possibility deserves attention from fishery biologists. 
During the presentation of reports, as well as during 
the discussion periods, some concern was expressed as 
to the need for careful planning prior to a tagging 
program. This is to assure not only maximum inflow 
of recapture data, but also inflow of data which would 
definitely aid in analysis of the movements and 
growth of the fish. An obvious need for better tags, 
perhaps more sophisticated tags, and better tagging 
techniques was stressed by several of the speakers. For 
example, incorporation of tetracycline, lead chelate, 
or some other compound in the tag could be used to 
mark time in the bones of the tagged fish and thus aid 
in age and growth studies by means of hard parts. 
Most of the participants were greatly impressed with 
the type of information which results from tracking 
billfish tagged with the sophisticated “sonic” device 
described by one speaker. 

Billfish larvae caught during various scientific 
cruises provide us with valuable information of the 
spawning habits of the adults, as well as on the early 
life history of the istiophorids and xiphiids. Larval 
studies are hampered by the considerable difficulties 
encountered in separating the various billfish species. 
The only exception is the swordfish which, even a t  a 
very early life stage, can be separated readily from the 
other billfishes. The problem of identification of the 
billfishes is so great that a t  the conclusion of this 
Symposium a 2-day workshop to treat this subject will 
be held in Honolulu and be attended by several larval 
billfish experts (Working Party on the Early Life 
History of the Billfishes of the FA0 Panel of Experts 
for the Facilitation of Tuna Research). 

The problem of evaluating the fishing effort related 
to the sport fishery catch was raised. This is a difficult 
problem and will be discussed in the following session. 

Fisheries.-The papers presented in this section 
dealt mainly with descriptive accounts of specific 
fisheries, e.g., the sport fishery in the northeastern 
Gulf of Mexico, the commercial longline fishery in 
Hawaii, and the commercial fisheries of Taiwan, and 
with the presentation and analyses of catch statistics. 
From the results presented it became apparent that 
major gaps in our knowledge of billfish biology and 
population dynamics exist, particularly with regard to 
age and growth, mortality rates, and stock structure. 

One paper specifically examined t h e  in- 
terrelationship of the environment and the distribu- 
tion of striped marlin. 

On the basis of data collected to date, much of what 
we know today of the time and space distribution of 
billfishes is based on catch statistics collected by the 
longline fisheries prosecuted by Japan, South Korea, 
and Taiwan. In addition to being far-ranging, the gear 
used by the various longline fisheries is essentially the 
same; thus, the indices of abundance are comparable. 
This comparability of data was not found to be true 
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for the  d a t a  collected by the sport  fisheries. In the dis- 
cussion t h a t  followed this session, i t  was recognized by 
par t ic ipants  t h a t  although the sport  fisheries for 
billfishes represents a rich source of good d a t a ,  
biologists a re  not fully utilizing this source. With a 
few exceptions, the  kinds of catch and  effort d a t a  
collected by individual f ishermen, sport  fishing clubs, 
and  biologists vary so widely t h a t  the  d a t a  cannot  be 
pooled. One shortcoming noted in sport  fisheries d a t a  
is the lack of recorded zero catches. T h e  importance of 
this information was discussed in some detail .  T h e  
need to s tandardize the  collection of billfish statist ics 
from sport  fisheries was apparent .  

Although the  billfish landings in some areas,  e.g., 
Ta iwan,  showed increases in recent years (possibly 
reflecting increased effort), the  general  t rends for the 
several species of billfishes noted in t h e  catch 
statist ics of the  commercial  a n d  recreational fisheries 
are downward.  In the  eastern Pacific Ocean the  
decline in appa ren t  abundance  was especially noted 
for sailfish. T h e  ca t ch  ra te  dropped from 80 fish per 
1,000 hooks in 1963, the first year of subs tan t ia l  long- 
line fishing in the  major sailfish grounds of the  eastern 
Pacific Ocean,  to  11 fish per 1,000 hooks in 1970; a 
decline of 86“;. 

Similar declining t rends of billfish catches wepe 
reported for other  areas  of the  world by Dr. Ueyanagi 
in his review of the  world commercial  fisheries for 
billfishes presented during the opening day’s  session. 

Special Session: Mercury in Billfishes 
This  special session began a t  2000 on 10 August 

1972, a t  t h e  Ha le  Halewai in Kai lua-Kona ,  Hawaii .  
Approximately 150 people a t tended;  par t ic ipants  
were mostly from t h e  sport  fishing fraternity.  T h e  
purpose of the  session was to  provide par t ic ipants  in 
the  H I B T  a n d  the  interested public with the  la tes t  
available information on the  problem of mercury in 
fish a n d  the  opportuni ty  to  discuss the  s i tuat ion with 
experts on the  subject .  Presentat ions were made  by 
the five panel members ;  two were summar ies  of scien- 
tific papers  given a t  the  Internat ional  Billfish Sym-  
posium; two described work done in the S t a t e  of 
Hawaii;  a n d  t h e  fifth featured Dr. Kolbye, who 
described the  effects of mercury on humans ,  the  role 
of the  FDA, a n d  t h e  rationale for i ts  guideline level of 
0.5 p p m  mercury in fish. 

P r e s e n t a t i o n s  

J a m e s  S. Beckett  
“Mercury in Northwest Atlantic Swordfish” 

Mr. Beckett  reported t h a t  C a n a d a  banned  the  sale 
of swordfish in 1970. Up  until  t h a t  t ime  the annual  
swordfish landings in Canada  amounted  to about  8 
million pounds  valued a t  $4 million. Beginning in 
.July 1971, a vessel of the Fisheries Research Board of 
C a n a d a  conduc ted  longline f ishing from C a p e  

Ha t t e ra s  to the  Grand Banks to  obtain swordfish for 
analysis of mercury levels. During cruises in July a n d  
August 1971, 210 swordfish ( lengths  ranging from 74 
to  247 cm fork length)  were taken.  Samples  of dorsal 
muscle analyzed for total  mercury showed a n  average 
of 1.15 ppm a n d  a range of 0.09-4.9 ppm.  Differences 
in mercury level were noted between females a n d  
males a s  well a s  between tissues; liver a n d  kidney had  
higher levels t h a n  brain tissue. Mr .  Becket t  reported 
t h a t  swordfish appeared  t o  pick u p  mercury in 
southern areas  a n d  lose i t  dur ing t h e  s u m m e r  on the  
feeding grounds in northern areas.  His  conclusion was 
t h a t  the  source of mercury is volcanism in tropical 
areas a n d  t h a t  mercury is being picked u p  by fish 
through the  food chain.  T h e  full text  of th i s  paper is 
included in P a r t  2 of the  Proceedings. 

Richard S. S h o m u r a  
“Mercury in  Several  Species of Billfish 

T a k e n  Off Hawaii  and  Southern  California” 

Mr .  Shomura  noted t h a t  since December 1970, 
when the  subject  of relatively high mercury levels in  
tunas a n d  swordfish became news, N M F S  has had a n  
ongoing sampl ing  program to  determine the  mercury 
content in several important  spor t  a n d  commercial 
fish a n d  invertebrate  species. T h e  56 s t r iped marlin 
taken from waters off southern California a n d  Hawaii  
and  analyzed for total  mercury ranged in  size from 56 
to 231 pounds (25.4 to  104.8 kg).  T h e  to ta l  mercury 
levels for white muscle tissue varied from 0.03 to  2.1 
ppm;  there  was no obvious relationship with size of 
fish. Although the  white muscle of 37 blue marlin also 
showed a wide var ia t ion,  a t rend of a n  increasing mer- 
cury level with increasing size of fish was noted. T h e  
mercury levels ranged from 0.19 t o  7.86 p p m ;  fish size 
ranged from 96 to  906 pounds (43.6 t o  411.0 kg).  Mr. 
Shomura  reported t h a t  the  total  mercury levels in 
blue marlin livers ranged from 0.13 p p m  to  a 
phenomenal  high of 29.55 ppm.  H e  s t a t e d  t h a t  a com- 
parat ive s tudy  of identical tissue samples  analyzed by 
two laboratories showed wide var ia t ions in results; 
one laboratory reported higher values consistently. He  
concluded by s ta t ing  t h a t  t h e  N M F S  program was 
collecting mercury d a t a  as  i t  relates to  the  fishery 
resources a n d  was no t  presently addressing itself to 
the effects of mercury on mankind .  T h e  full text  of 
th i s  paper  is included in P a r t  2 of t h e  Proceedings. 

Cynth ia  D. Shul tz  
“Total  a n d  Organic Mercury in  Mar ine  Fish” 

Ms. Shu l t z  reported t h a t  a p a r t  of their  mercury 
s tudy was concerned with determining the  proportion 
of methylmercury in billfishes. A large number  of 
marlin samples  obtained with t h e  assistance of 
N M F S  were analyzed a t  ‘ the University of Hawaii  
laboratory a n d  also analyzed by a n  expert  in  Sweden; 
the results of the  two sets of analyses agreed very 
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closely. Mercury levels in the billfishes ranged from 
0.35 to 14 ppm. Of the total mercury, organic (methyl) 
mercury constituted a small percentage (up to 10%). 
One example, a 155-pound (70.3-kg) fish, contained 

Mr. Beckett: 
There was some work that suggested that selenium 

may reduce toxicity of mercury; however, more work 
is needed. 

4.1 ppm total mercury and of this 0.54 ppm was 
organic mercury. A regression analysis of all samples 
tested showed an asymptotic level of 1.55 ppm organic 
mercury. Ms. Shultz noted that their studies in- 
dicated an upper level to the amount of organic mer- 
cury accumulated and theorized that any amount 
over and above this level was transformed into in- 
organic mercury and excreted. She also theorized that 
mercury in billfishes originates from natural con- 
tamination, possibly of a volcanic origin; however, 
much more work needs to be done in this area. This 
paper authored by J. B. Rivers, J. E. Pearson, and C. 
D. Shultz has been published in the Bulletin of En- 
vironmental Contamination and Toxicology 8(5):257- 
266, 1972. 

Albert C. Kolbye, Jr. 
“Potential Health Hazards 

of Mercury in Fish” 

The full text of this presentation appears as Annex 
8 of this volume. 

Richard E. Marland 
“Status of Mercury Studies in Hawaii” 

The full text of this presentation appears as Annex 
9 of this volume. 

Discussion.-The following includes some of the 
more significant questions asked of the panel by the 
audience, and the panel’s an~wers .~  

George Parker (Kailua-Kona, Hawaii): 
Ms. Shultz referred to fish tolerating a certain 

amount of methylmercury and then possibly convert- 
ing it to another form of mercury which is excreted. 
Might this follow with humans? 
Ms. Shultz: 

dicate that biotransformation may be taking place. 
Captain Parker: 

Does methylmercury keep being accumulated? 
Dr. Kolbye: 

The biological half-life of methylmercury is 70 days; 
to stay below the safe blood level the intake of 
methylmercury should not exceed 30 micrograms per 
day. 
James Delohery (Australia): 

We don’t know the answer. Our data merely in- 

Would you comment on selenium detoxification? 

‘For purposes of brevity, the  question and answer section has 
been abbreviated and in some cases paraphrased. 

William F. Royce (NMFS, Wash., D.C.): 
Why did FDA impose a prohibition on the sale of 

fish with mercury levels over 0.5 ppm rather than 
merely warn the public such as is done with other 
products containing poison? 

Dr. Kolbye: 
The public has a varying understanding, a varying 

consumption rate and therefore FDA determined that 
a guideline was necessary in the interest of protecting 
the public. With respect to swordfish, 95% of the 
samples exceed the guideline. There are also FDA 
guidelines for other food items and toxicants. 

Witek Klawe (IATTC, La Jolla, Calif.): 

the mercury guideline? 

Dr. Kolbye: 

Would you comment on various articles criticizing 

FDA is prepared to defend the guideline. 

Dudley C. Lewis (Honolulu): 
Why were there no public hearings held before the 

guideline was set? Were any of the deliberations made 
public? Was the guideline politically motivated? 

Dr. Kolbye: 
Many guidelines do not require hearings. The 

guideline was reviewed extensively within FDA and 
by a panel of 12 experts. Testimony was given before 
the U.S. Senate. Scientific documentation was 
presented in the Journal of Environmental Health. I 
don’t know if this is considered making it public. The 
question as to whether the guideline was politically 
motivated is ridiculous. 

Richard F. MacMillan (Honolulu): 
People have been eating marlin in Kona for 

generations with no ill effects. Therefore, I question 
Dr. Marland’s statement that years and years of work 
is needed to come up with an answer. What is your 
reaction to the situation in Kona? 

Dr. Marland: 
There is no evidence of damage from eating marlin 

in the United States. However, there has been no 
systematic search for subclinical symptoms. Studies 
by trained medica1 doctors to look for subtle symp- 
toms would be highly desirable; however, it cannot be 
done quickly or cheaply. 
Richard H. Stroud (Sport Fishing Institute, Wash., 
D.C.): 

Is the 0.5 ppm guideline for total mercury? In view 
of recent findings regarding methylmercury not con- 
stituting 100% of the mercury present, shouldn’t the 
standard be for methylmercury? 
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Dr. Kolbye: 
The guideline is for total mercury. Methylmercury 

is the dangerous form, but much needs to be learned 
about the toxicity of all forms of mercury found in 
fish. It would be of interest to determine the exact 
chemical form of the nonmethylmercury part found in 
marlin. 

Fred Rice (Kailua-Kona, Hawaii): 
Regarding the University of Hawaii study-was 

mercury added to the feed of the swine? If the swine 
were fed marlin without the added mercury part, 
would there be any effects? 

Dr. Marland: 
Yes, mercury was added. No, they showed no effects 

if mercury wasn’t added; however, controlled ex- 
periments are needed. It is not a question of just 
feeding marlin containing mercury without ex- 
perimental controls. 

Mr. Rice: 
Is there any information available on what is being 

done with the marlin being caught? My guess is that 
probably 90% is being consumed by humans. Does the 
FDA have authority to intercede in cases where the 
fish is caught in Hawaiian waters and consumed in 
Hawaii? 

Dr. Marland: 
We don’t know the disposition of the marlin caught. 

The guideline is a responsibility of the Director of 
Health for the State of Hawaii. 

Question: 

been considered? 
Has the economic impact of setting the guideline 

Dr. Kolbye: 
With the public health at stake it is necessary to act 

quickly. Severe cases in Japan showing diffuse brain 
damage give good cause for such a guideline. 

Richard E. Young (University of Hawaii): 

New York who suffered mercury poisoning? 

Dr. Kolbye: 

however, this cannot be fully documented. 

Captain Parker: 

guideline. Has anything been done to change it? 

Dr. Kolbye: 
They have not changed their guideline. Sweden has 

taken the following steps: (a) they close certain 
streams, (b)  they advise that no more than one meal 
per week of fish from certain areas be eaten, and (c) 
they advise pregnant women not to eat certain fish. 

Would you comment on the case of the woman in 

Apparently this woman consumed swordfish daily; 

Sweden made a mistake in calculating their 

Captain Parker: 
How much trouble would it be to take samples of 

the dorsal muscle and determine the mercury level? 
Mr. Beckett: 

It would be extremely expensive-about $1,OOO per 
sample. 
Ms. Shultz: 

is-it requires 45 h to process each sample. 

Captain Parker: 
Is it true that broadbill swordfish landed in Califor- 

nia are sampled for mercury and can be sold if found 
safe? What is the form of the FDA ban? 
Dr. Kolbye: 

Regarding swordfish in California, as far as I know, 
they are being handled as you have noted. The tuna 
and other industry people are cooperating in conduct- 
ing such monitoring programs. It may be possible to 
do this for marlin; however, it must be done by an 
accepted laboratory to assure that it is done correctly. 
Captain Parker: 

What did the general public hear with respect to 
marlin in Hawaii? Are we breaking the law if we give 
away fish? 
Dr. Marland: 

The Director of Health in Hawaii publicized the 
fact that the marlin contain unsafe levels of mercury, 
and received a voluntary withdrawal of billfish from 
the market. If fish are given away it breaks the 
gentlemen’s agreement. If the fish are not fit for 
human consumption, they should not be given away 
or eaten under any circumstances. 
Peter S. Fithian (Honolulu): 

Throwing away fish is a philosophical problem. We 
have run out of time. Thank you all for attending and 
contributing to this most worthwhile discussion. 

The amount of money is not the problem-time 

Special Session: Sportsmen-Scientists 

Symposium Summary (Frank J. Hester, 
USA).-Dr. Hester provided the sportsmen-scientist 
gathering with a summary of the results presented a t  
the scientific sessions and the special session covering 
mercury in billfishes. His presentation was made with 
the aid of a number of slides which were used by the 
various speakers. Since Sections 5 and 6 include sum- 
maries of the sessions, and the full text of the papers is 
given in Part 2, only Dr. Hester’s closing statement 
will be included here. It follows: 

I would like to make some general comments. 
Billfishes, because of their size and scarcity, are very 
difficult animals with which to work. It is very dif- 
ficult to find fresh material and even more difficult to 
find living material. These are probably the main 
reasons why today the state of knowledge of billfish 
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biology is really not very far advanced. We are cer- 
tainly always very grateful for the opportunity to take 
advantage of a tournament like this, where one can 
actually see the fish when only a few hours old. This, 
along with the logbook recording, the cooperative tag- 
ging programs, and the information from the commer- 
cial fisheries probably is going to mean that in the next 
decade we will begin to understand these animals 
much better. To bring about this understanding will 
require considerable work on the part of the angler, 
who will have to be prepared to keep detailed records, 
and either mail them in or have them delivered at 
dockside. You will also have to put up with the oc- 
casional biologist “poking around” your fish. Finally, 
you should be prepared to change to the metric 
system of measurements in the very near future and 
this means you will have to rewrite the International 
Game Fish Association (IGFA) world records. Thank 
you very much. 

Panel Preeentation (R. S. Shomura, Symposium 
Cochairman).-I would like to start by stating that 
we are extremely fortunate-and I think this was ex- 
cellent planning on our part-in having as Chairman 
of this morning’s Sportsmen-Scientists Panel Session 
Mr. Dudley Lewis, who took the winning prize in this 
year’s HIBT tournament. It is also fitting that he 
assumed the post as Session Chairman at this closing 
meeting, since he is the only sportsman-angler who 
has participated in all 14 of the HIBT tournaments. 
Mr. Lewis was born in Hawaii some few years ago and 
has been fishing all of his life. He is presently a prac- 
ticing lawyer. It gives me great pleasure to introduce 
Mr. Dudley Lewis. 

D. Lewis (Chairman) 

Ladies and gentlemen, the format of the Sym- 
posium this morning is the following. We have with us 
three sportsmen and three scientists and I will call 
alternately on each of the scientists and sportsmen to 
make a, short statement. At the conclusion of their 
remarks we will welcome questions either from the 
panel or from the audience. First, I will call on Dr. C. 
Richard Robins, University of Miami Professor, who 
has done a lot of research on billfishes, to give you 
some idea of his work and what can be done to further 
the dialogue between scientists and sportsmen. 

C. R. Robins 

I want to start not with an account of what I or my 
colleagues have done a t  the University of Miami, but 
with some of the problems that we run into in dealing 
with billfishes and what we need in the way of infor- 
mation. 

Firstly, we have lost much valuable data from the 
photographic record that would have otherwise been 
available to us. If one goes to any of these tour- 

naments, one cannot help but be impressed with the 
number and quality of the cameras but, from our 
standpoint, many of the photographs are of poor 
quality. Of course, we have nothing against the types 
of photographs that you want for your own records, 
but Don de Sylva and I very frequently are called 
upon to identify fish from photographs. It is extreinely 
difficult to do so when the fish is hanging up and the 
cameraman is very close causing foreshortening, 
which jeopardizes our obtaining good body propor- 
tions. Very often the angler, the captain, or mate will 
have his hand over some very critical character such 
as the dorsal or pectoral fin. In taking photographs 
this is really what we need. First of all I think that 
every photograph should have a small identification 
tag with it-it can be just a piece of paper like we’ve 
had at this tournament-which indicates the locality 
of capture of the fish, the weight, and the length. 
Photographs have a habit of going astray for many 
years and then we get a whole pack from a person say- 
ing, “I think this is a fish I caught off Malindi, 
Kenya,” when in fact it may have been one that was 
caught at Bay of Islands, New Zealand. This leads to 
difficulties, so if you have an identification tag as part 
of the photograph there is never any question about 
the origin of the fish. The next thing is to try to take 
the side view of the fish with as little distortion as 
possible. It is often very easy to get to the tower on 
your boat and shoot a picture of the fish in the cockpit 
with very little distortion. In other cases it is very sim- 
ple to allow the fish to hang, as you often do here at 
Kona, then back off and take a telephoto shot of it 
and this reduces the distortion. 

In addition to the side view, it would be very helpful 
to take a picture of the underside of the fish, a t  least 
from the area of the anus forward. The position of the 
anus relative to the anal fin is very different in the 
different kinds of marlins, especially in the Atlantic 
Ocean. In the spearfish the anus is very far forward, in 
the white marlin it is very far back, and in this new 
species we call georgei it is in a sort of in-between 
position. 

This undershot can also show the very important 
shape of the pectoral fin. Marlins are wonderful 
machines, being really well adapted for high-speed 
swimming in the ocean. The blue marlin, as you 
know, maintains its depth a long way aft, so if you 
take the center of gravity of this fish, it is fairly far 
back. These animals can swim along very efficiently 
and they keep their pectoral fins pretty much back 
toward the socket. The black marlin has its weight far 
forward and really is front heavy. If you could cut the 
pectoral fins off this fish, it would pitch and go right 
down toward the bottom. Its pectoral fins are 
therefore actually stabilizers. If you look a t  the cross 
section of the pectoral fin of a black marlin it is very 
different from that of a blue marlin, being shaped like 
the cross section of an airplane wing. This fish really 
flies through the water and gets lift to compensate for 
pitch. The pectoral fin alone can distinguish the blue 
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marlin from the black marlin, and yet in many 
photographs Don de Sylva and I are unable to tell 
anything about the pectoral fin because the fish is 
hanging up and the fin very commonly will flop down. 
The shape of the dorsal fin is also important. 

I think it really doesn’t cost very much to take three 
photographs, one of the whole fish, one from un- 
derneath, and one close-up view of’either dorsal fin or 
the pectoral fin. But don’t forget the identification 
plate with the geographic information on it as a per- 
manent record. 

I would like to direct this next remark mainly to the 
scientists. If you ask anglers to do something, then 
you should give them specific instructions as to what 
it is you want, and when you do this you assume cer- 
tain responsibilities. Nothing makes me madder with 
scientists than to have one of my colleagues commit 
anglers to doing something and then never follow-up 
on it. I’ve seen the late A1 Pfleuger of Miami spend a 
lot of money, and an awful lot of time, gathering data 
for some biologist and after he did all of this nobody 
would show up. I think thisis the kiss of death in 
cooperation. If you ask anglers to do something, you 
have an ethical responsibility to pick up the informa- 
tion and to provide them with some sort of a report on 
what it is that you have done with it. 

D. Lewis 

Thank you very much, Dick. I will call next on 
Peter Goadby, an outstanding sport fisherman and 
author who has traveled all over the world. 

Peter Goadby (Australia) 

Australia’s offshore game fishermen have always 
been proud of the fact that they have cooperated ac- 
tively with scientists. Being somewhat isolated, we 
have realized that the sport fisherman is in a unique 
position to help the scientist because they are the only 
ones that can help us with things we are unable to 
learn. If we record data accurately then the scientist 
can give us a lot of help. We are as proud of our con- 
tribution to the “establishment” with the capture of 
blue marlin a t  Cairns last season as with the 10 marlin 
we caught averaging 1,000 pounds each. We are for- 
tunate in Australia a t  the moment that in addition to 
the various government agencies and institutions, 
there is a well-founded university coming into being 
at Townsville just 250 miles from the Cairns marlin 
grounds. There is every indication that some research 
on the black marlin will be undertaken a t  this institu- 
tion. 

The cooperative tagging program in Australia has 
had remarkable growth, and as an Australian fisher- 
man I take my hat off to NMFS for the assistance they 
have given us. It gave us pleasure slamming a tag into 
a fish knowing that the tag had come from the United 
States and that the information would come back 

perhaps from a Japanese or Taiwanese longliner 
through the United States. This really made us feel 
we were part of a worldwide program. The growth of 
tagging in Australia is interesting as 10 yr ago there 
were probably no more than two or three fish released 
in any one season and recoveries were nil. As you have 
already heard, there have been two black marlin 
recoveries already. The first fish was out ap- 
proximately 360 days and was returned only 100 miles 
from where it had been tagged. The second one, 1 of 
the 169 fish tagged a t  Cairns last season, was out only 
110 days but had traveled something like 1,440 miles 
in that time. Tagging is now being started in New 
South Wales and later we will have the help of anglers 
even farther south. The program will be not only on 
marlin, as we are encouraging anglers to tag and 
release every kind of fish including offshore species of 
sharks like hammerheads, makos, and blue sharks. 
We are not really encouraging the release of white or 
tiger sharks, because we feel if someone got “chopped 
up” on the beach and a tagged shark was caught we 
would certainly be in trouble. 

Anglers in Australia have long shown their interest 
in cooperating in any overseas programs. We were 
most happy to cut the pectoral girdles from black 
marlin to send to Dr. Robins, and to provide data on 
the blue marlin in the Pacific. We would be most hap- 
py to give any help we can on the size and movement 
’of the black marlin, or anything else anyone wants to 
do on that species. The same applies to any studies on 
sharks. We still have a lot of dangerous species of 
sharks in Australia, and if anyone is interested in 
them we would be happy to help. As I said previously, 
this meeting of fishermen and scientists is really 
great, and I believe the best thing that has happened 
in sport fishing probably in the last 100 yr. We have 
always known the names of a lot of scientists, and I 
guess similarly the scientists have always known the 
names of a lot of interested charter captains and in- 
terested sport fishermen. Now we have got names to 
go with the faces and faces to go with the names, so let 
us all keep in contact and go forward from here on. 

D. Lewis 

Thank you very much, Peter. I shall call on Mr. 
William Craig, formerly with the California Depart- 
ment of Fish and Game and now with NMFS. 

W. Craig (USA) 

I obtained my experience with the billfishes, 
primarily striped marlin and broadbill swordfish, dur- 
ing my time with the California Department of Fish 
and Game. My main responsibilities were to other 
major programs and moving around in the billfish 
fishery was quite incidental and confined simply to 
compilation of adequate catch statistics for these two 
species. The mercury problem last year finally gave 
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me an opportunity to join the “blood-and-guts” detail 
and to see what a striped marlin looks like. I had, of 
course, every cooperation from the local sport fishing 
clubs in California, as otherwise it would have been a 
monumental task to try to gather all these specimens 
of striped marlin for determination of mercury con- 
tent. I might go back and say it was a mandate from 
the big-game sport fishermen in southern California 
that made the Department undertake a program to 
try and clarify the situation with regard to mercury. 
We collected striped marlin samples and delivered the 
results of the mercury analyses to the sport fishing 
clubs. Cooperation can be obtained from sport fishing 
clubs by working with them but reiterating what Dick 
Robins said, do not ask for something unless you can 
follow up on it. 

Additionally, I would like also to indicate the value 
of club yearbooks. Some clubs just report their annual 
catches and their annual buttons and awards, while 
others present historical data on catches and in- 
cidents that took place. One particular club yearbook 
contains a couple of articles by lawyer members that 
contribute much to our knowledge. I wish to call these 
types of publications to the attention of scientists 
because there is certainly a great deal of merit in what 
the sport fisherman has to offer from his on-the-spot 
observations. I brought these particular two yearbook 
issues for Dr. Ueyanagi, because they contain some 
data on the marlin weight-frequency distributions in 
the southern California fishery. These data were 
collected since the publication of his joint paper with 
Colonel Howard. My small mercury program last 
summer, which was just a “news note,” was picked up 
and published in this little booklet. If club articles 
warrant it, and are called to our attention, perhaps we 
can see that they obtain wider distribution than the 
clubs themselves can provide. 

D. Lewis 

Thank you very much, Bill. I next call on Mr. 
Richard Stroud, the Executive Vice-president of the 
Sport Fishing Institute, who will make some remarks 
on the role of that organization. 

R. Stroud (USA) 

It’s a great pleasure to be here, first because it’s the 
first time I have ever been to Hawaii and secondly, 
because I guess I am unique at this gathering since I 
am the only official “hybrid” to appear before you. 
Although I am sitting on the sportsmen side it is hard 
for me to determine whether I am really a sportsman 
or scientist-perhaps a little of both. I have worked in 
both areas and I enjoy and participate in sport fishing 
to a great degree. Nevertheless I would like to take a 
little time to acquaint you with my organization. On 
the table I have put some propaganda which explains 
the nature and purpose of our organization and also 

some application blanks. I have also prepared a few 
mimeographed comments on the role the Institute has 
played over a long period of time and I invite you to 
take a copy later. 

The Sport Fishing Institute is the only national non- 
profit, tax-exempt conservation organization devoted 
wholly to the conservation of fisheries resources, and 
it was designed to help fishing and, consequently, 
fishermen. It was established in 1949 and functions as 
a research, education, and professional service type 
Institute, and is staffed entirely by fisheries scientists. 
It was designed to be a catalyst for development and 
promotion of the application of all types of progressive 
fish conservation programs in order to enhance the 
sport of fishing. 

In the course of general overviews of fish conserva- 
tion it became very apparent, a couple of decades ago, 
that very little was being done in the inshore area 
between the seashore and the high seas. The existing 
institutional agencies were concerned either with in- 
land types of resources or high-seas resources. There 
was real diversion of interest away from the very 
critical and sensitive area of the coastal zone and es- 
tuarine areas which are vitally important to the con- 
tinued survival of many of our game fishes. Conse- 
quently, we attempted to stimulate a lot of activity in 
this area and founded a research program of our own, 
small in size but designed to stimulate interest. I 
think we were successful in doing that. We began 
making grants as early as 1952. Our first research 
grant in the billfish area was a small one made in 1958 
to an investigator a t  Yale University to work at an 
east coast tournament similar to this one, We made a 
follow-up grant later to South Carolina University in 
1959 to develop further studies on the life history of 
the blue marlin and white marlin. Then we became 
interested in the work that Frank Mather was doing a t  
Woods Hole, the Cooperative Game Fish Tagging 
Program, and for more than a decade have provided 
small but continuing annual support to that program. 

Based on the research we have done, and the ob- 
vious problems and needs that existed, we felt it was 
necessary to enlist the support of the Federal and 
State governments as much as possible. We have 
great interest in the Dingell-Johnson Program, which 
is supported by an excise tax you pay when you buy a 
reel or big rod. These funds are channeled to the 
States, which were stimulated to use some of this 
money for marine game fish research, but there was 
nothing being done at the Federal Government level. 
The then Bureau of Commercial Fisheries was in- 
terested almost exclusively in the high seas. So we 
drafted a bill, which eventually became known as the 
Marine Game Fish Research Act and this was passed 
in 1959. This marked the formal entry of the Federal 
Government into this area of concern which had been 
previously neglected. 

Early in the 196O’s, as you are all well aware, 
Japanese longlining exerted fishing pressure on the 
stocks with an evident adverse impact on sport 
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fishing. I am not going to go into that as the analyzed 
data and results are well known. In any event it was 
decided to hold a meeting in Rio de Janeiro in 1966 to 
consider the formation of a conservation organization 
to  be concerned with research and management of the 
tunas and tuna-like fishes of the Atlantic Ocean. I was 
fortunate enough to be an advisory member of the 
U.S. delegation, together with a representative of the 
Bureau of Sport Fisheries and Wildlife (the late 
Albert Swartz). 

Preceding the Rio conference, a series of meetings 
was held with representatives of sport fishing interests 
nationwide, a t  which we tried to determine the course 
of action we might possibly pursue in Rio. We decided 
there were several things we ought to do. First, and 
most important, we sought to have a separate meeting 
with representatives of the Japanese delegation, par- 
ticularly the private individuals representing the 
commercial fishing industry. We sought four objec- 
tives: 1) recognition that there was a significant 
problem of mutual concern due to the longlining ac- 
tivity; 2) agreement that the longliners should remain 
a sufficient distance from billfish sport fishing centers 
to preclude direct conflict; 3) an agreement that even- 
tually there would be convened an international 
scientific conference on billfish biology; and 4) 
management following not less than a decade for 
research. 

The Rio conference resulted in the establishment of 
the Internationaf Commission for the Conservation of 
Atlantic Tunas and this also embraced responsibility 
for research and management of billfishes. The con- 
ference also provided the hopqd-for opportunity to 
talk with Japanese commercial fisheries interests. As 
a result the objectives that I have outlined were sub- 
stantially agreed to and, in return, the U.S. sport 
fisheries representatives agreed to promote cessation 
of destruction of Japanese longline gear. 

Following the conference, we came back here and 
held a series of meetings across the United States with 
representatives of sport fishing groups promoting this 
latter part of the agreement. Obviously, if you are go- 
ing to get something you have to give something in 
return and it seemed to us that this was a very 
reasonable arrangement. Until recently, aside from a 
few temporary minor relapses, matters seem to have 
worked out well since conclusion of the agreement at 
Rio. Several incidents have occurred, though, which 
underscore the usefulness of the agreement. In the 
spring of 1967 for example, my organization formally 
requested that the Japanese overseas trawlers associa- 
tion revise previously announced plans for exploratory 
trawling along the east coast of the United States. As 
a result of several exchanges of correspondence, these 
plans were substantially altered so as to operate in 
waters north of the Miami-West Palm Beach area in 
Florida, and offshore, well beyond the range of the 1- 
day charter trips out of the more important angling 
ports along the Atlantic Coast from Florida to East- 

port, Maine. Last year several Japanese longliners 
commenced fishing in the Gulf of Mexico, and are 
continuing to do so this year, and have come into con- 
flict with the long range, private charter sport fishing 
craft characteristic of that area. There was a flurry of 
excitement over an alleged mass harvest of billfishes 
based on shark fins, hung to dry in the superstructure 
of a Japanese ship being misidentified as marlin 
tails. I had it on the best of authority from NMFS peo- 
ple that these were indeed shark fins. This point was 
cleared up, but the longliners remained sufficiently 
close inshore to come into occasional contact. I un- 
derstand that some of them have drifted even beyond 
the legal limit in the past few days, perhaps accident- 
ally. Based on documented data provided by the 
Coast Guard on request, and also through the help of 
NMFS, we relayed this information to our Japanese 
contacts and suggested that they have a special 
problem in the Gulf of Mexico. We urged that they in- 
struct their fishermen, if they intended to continue 
implementing our unofficial agreement, to move 
farther back offshore. As yet, nothing has been done 
but we have some information which suggests such in- 
structions will be forthcoming. 

It seems to me that it is highly desirable that “en- 
vironmentally concerned” sport fishermen refrain 
from the destruction of Japanese longline gear. I can- 
not emphasize too strongly that if there is to be any 
kind of a quick settlement to the benefit of American 
sport fishermen, then we have to hold up our end of 
the bargain. If it turns out that the Japanese have 
decided to abrogate the agreement, then we will have 
to see what other measures may be taken. I am not 
convinced yet that the agreement is without viability 
at this time and I believe that we should do everything 
we can- to show we are holding up our end of the 
bargain. 

I want to put in a special plea in terms of the official 
role I am supposed to fill here. As far as sportsmen are 
concerned, I think one of the things you must do, if we 
are going to find out enough about billfishes to even- 
tually hold out hope for a bilateral treaty conference 
with the Japanese and to work out an international 
rational management plan for these fishes, is to 
provide money for this research. I do not necessarily 
mean directly, but at least indirectly, through support 
of appropriations to the agencies who are doing work. 
Obviously this is very expensive research, and you 
have had examples of it here. For example, if we are 
going to build saltwater study lakes to support adult 
black marlin as we have heard suggested, I can see 
that it is going to be fantastically expensive! Even 
when we are talking about $120 tags, that also is pret- 
t y  expensive. I think there is going to be a great effort 
made on the part of the Federal Government (NMFS) 
to show they are spending an awful lot of money right 
now on billfish research. They are going to take all the 
different pieces from existing programs with commer- 
cial fisheries activities and say “this is what we are 
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doing and we are doing a good job." But what we want 
is additional research if we are going to have answers 
to these problems. We have got to have additional 
money to do it and that has got to come out of ap- 
propriations made by the Congress. 

I can tell you right now that the Congress is not very 
sympathetic and this means you are going to have to 
get some political pull behind this thing. You are go- 
ing to have to write your congressmen and tell them to 
give these boys (NMFS) the money. Our organization 
will try to spread the word when appropriations time 
comes around. From the standpoint of the scientists, 
obviously, I think we want them to do the work and 
provide the information that's necessary to come up 
with the rational management programs. However, I 
think I would suggest at  this time that, philosophical- 
ly, the scientists are going to have a very difficult 
problem. They have based most of their work in the 
past on the concept of maximum sustainable yield, 
having been trained this way, as this has been the cor- 
nerstone of commercial fisheries management. I sub- 
mit to them that this has been an inadequate philo- 
sophy for rational management of sport fisheries. 

D. Lewis 

Thank you very much, Dick. I now call on Mr. 
James Squire, who is a fishery research biologist with 
NMFS in La Jolla, Calif. 

James Squire (USA) 

fort data and this is a field where a sportsman can 
contribute greatly to research. We get good catch and 
effort data from the Japanese commercial longline 
fisheries throughout the world but the collection of 
similar data from sport fisheries is very poor. What is 
needed is better fishing logs, and people must be will- 
ing to carry them and fill them out to the best of their 
ability. 

The purpose of all this catch and effort data is to 
show effectively the catch rate in the sport fishery and 
how this is possibly being affected by changes in the 
catch rates in the offshore commercial fisheries, which 
sample a greater number of fish throughout the 
eastern Pacific Ocean. I think we can say that the 
sport fishery probably takes about one twenty-sixth 
the amount of fish that the commercial fishery takes 
in the eastern Pacific Ocean. Despite these good data 
from the commercia1 fishery, one needs to know how it 
is affecting the sport fishery if one is involved in any 
international negotiations. You have to have the 
scientific proof. This is the reason for encouraging 
sportsmen and clubs to keep better records of catch 
and effort. Not only are we interested in the days of 
fishing with catches, but we are interested also in the 
number of days when people go out and do not catch 
fish. Using only days of effort which produce catches 
does not give a true measure of what is actually going 
on. 

We certainly need more data on environmental fac- 
tors such as temperature and water color. As F. 
Williams said here yesterday we are studying a living - -  

I am with NMFS in La Jolla though formerly I was animal in a moving environment and everything is 
at the Tiburon Laboratory. You heard Dick Stroud changing from day to day. We need to know how 
state that about 19m the ~~~i~~ G~~~ Fish program billfish move in relation to the environment because 

started was at Tiburon, calif., with I became are possibly two reasons, either the environment is not 

marine game fish and this function shifted to NMFS there are not many fish around. To determine which 

moved down to La Jolla with a program to study bill- something about both. 
fish migrations through the tagging programs in the We need to know more about migration patterns 
Pacific Ocean area. which sportsmen have assisted us with in the past and 

There is concern for the billfishes in view of a new are continuing to do. We must define the normal 
increase in the utilization of these resources as in- range of the fish in the ocean, as this has a very 
dicated by actual decline in the worldwide catch of definite influence on the type of management you 
billfishes. As Dick Stroud pointed out, if you are to might use for the resource. For instance, in the 
attempt to manage this resource you must certainly albacore fishery of the North Pacific Ocean you can 
take into account the needs of the users, both sport take fish off Catalina, Calif., and then some 5 mo later 
fishing and commercial. We manage these things in they will be south of Tokyo, Japan. You certainly can- 
different ways, the commercial fishery on maximum not just manage the fish off California, as the resource 
sustainable yield and the sport fishery on large is ocean wide. This is why migration studies are im- 
numbers of big fish. These two concepts are in conflict portant. Another example would be the yellowfin tuna 
and will certainly have to be resolved in the future. in the eastern Pacific Ocean. Scientists have tagged 

In 1961 we became involved in billfish research in many thousands of them and found a north-south 
the eastern Pacific Ocean, primarily life history work migration pattern with very little east or west move- 
and the tagging program, looking forward to the day ment, so they drew a boundary line a t  long. 130"W. 
when such information will be needed to make Does this hold for billfish or are they transpacific 
rational management decisions. We indicated at  this migrators? This is one of the reasons for starting the 
meeting the problem of obtaining good catch and ef- tagging program. 

was established and one of the laboratories that it had this may tell You why You are not catching fish. There 

right for the fish, Or the Year class strength is low and 

of these factors is more important we must know 

associated in 1960. This laboratory was exclusively for 

in 1970, when there was a revision of programs. 1 
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I think sportsmen realize we have a high mortality 
rate with tagged billfishes, but they are still willing to 
tag these fish. I see a challenge here to the sportsmen 
to find better ways of hooking fish or getting them 
alongside so that they can be more easily tagged, 
thereby reducing mortality from this cause. At  pres- 
ent the only way to catch billfish is, by hook and line 
either with the longline or rod and reel. An exception 
is by harpooning them and that is not very satisfac- 
tory for our purposes. 

We need to know the economic value of sport 
fisheries. The billfish catch by sportsmen is not great, 
but the sportsmen spend a lot to catch them. 

The sportsmen, as Dick Robins said, assist us in the 
collection of biological data but there is one thing that 
I think they could collect in addition to weight, and 
that is length; of course, some do this routinely. We 
should also collect data on the sex of the fish and this 
is not so difficult. In summary, we should give a little 
training and urge the marine game fishermen to take 
an interest in the billfish resources and the future 
management of them. As Dick Stroud pointed out this 
needs funds not only from our country but from other 
countries around the Pacific Ocean (and worldwide). 
These countries or states should be encouraged to 
conduct additional work on the billfish resources off 
their coasts. I urge the marine game fishing world as a 
whole to  get a copy of the Proceedings of this meeting 
and to read it, because I think you will find we have 
summarized just about all the knowledge on billfishes 
worldwide. Hopefully this will give us a better in- 
formed and enlightened marine game fisherman 
geared for the billfishes. 

D. Lewis 

Thank you very much, Jim. Our last panelist is one 
that I am sure you all know. You have certainly heard 
about him, he is one of the pioneer charter captains of 
Kona, he’s been a t  it a long time, he is knowledgeable, 
and it gives me great pleasure to present another good 
friend of mine, George Parker. 

G. Parker 

Thank you, Dudley. I am a charter boat skipper and 
I think I have been a t  this for 28 yr now. This year I 
am president of the Kona Charter Skippers Associa- 
tion which comprises some 18, possibly 17 boats now 
that we lost a boat last night in the Kona area. I have 
just thought of a real good reason for all of us being 
here, in addition to the reasons that are quite obvious. 
It is said that this globe is covered three-fourths by 
water and only one-fourth by land, and it is for sure 
the good Lord intended for us to spend three-fourths 
of our time fishing and the balance ploughing. 

I cannot tell you how excited I am about this 
meeting. Kona is just bursting its seams with scien- 
tists and other people knowledgeable about billfish; 

all kinds of fish for that matter. I want to emphasize 
that Kona is certainly proud to have you all here from 
all over the world for what I understand is the first 
ever Billfish Symposium. The Charter Boat Associa- 
tion, which I represent here this morning, could not be 
happier about this event. 

It has been said that it is important that the charter 
boat captains and crews, as well as the private sport 
fishermen, realize that they can be a very great help to 
the scientist. They should be alert and report the 
things they see, the things that happen aboard the 
boat relating to fish, water currents, temperature, and 
other conditions of interest. For example such facts 
that one day we see thousands of porpoises then the 
next day there isn’t a porpoise near the boat. Or when 
the humpback whale comes down here what happens 
then? Does he scare off all the marlin? Do the currents 
make that much difference to our fishing? We all en- 
counter these things when we’re a t  sea but we don’t 
record them, and although we talk over the Citizen 
Band (CB) radio to each other about what we think 
the current is doing and why we are, or are not, 
catching fish, it never seems to get beyond our 
association and our daily conversations. 

Possibly one result of this meeting and what’s been 
said here this morning might bring about a form that 
we could have aboard each charter boat to be filled 
out. We have plenty of time between strikes and it 
doesn’t have to be something to be done after you get 
home when you’re so tired and can’t think straight. 
We all have writing space aboard our boats. We could 
have a pad of forms to fill in, even if it’s virtually 
reduced to a form where you just check off the items 
as you go down a list. At least we have to do something 
more than we’re doing a t  present. We’ve got to help 
the scientists with our firsthand knowledge. We’re out 
there on the grounds rather like a weather ship out on 
the channel that reports the weather as it comes 
through, so we are the outposts and we have to re- 
spond about fishing. At the coming meeting of the 
Charter Skippers Association we are going to have 
some time devoted to the form of help we can offer to 
the scientists and in turn to ourselves. The realization 
of what we can do has been growing. Even before this 
Symposium some of our skippers have been recording 
certain types of information. It even occurred to me to 
put a tape recorder aboard my boat and tape what 
comes in over the CB. This could be one way of stiut- 
ing a record of daily fishing conversations; possibly 
some one on the shore, who has a good CB radio could 
tape record some of the fishing conversations that go 
on off the Kona coast. 

We are so fortunate here to have a calm, comfort- 
able sea to fish in and some days with a lot of fish. I 
wonder if we realize how lucky we are. Most good 
billfishing areas are so rough that you are standing on 
your beam ends and yet people still go out fishing for 
them. I would say we are spoiled here with our lee 
shore that extends out so far that 95% of the time we 
hardly have a whitecap. I think the 5 fishing days of 
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this tournament have shown people what the Kona 
coast can be like and why it’s so easy to enjoy a day a t  
sea and land a billfish, if you’re lucky enough to hook 
into one. 

Lately we have heard a lot of discussion on conser- 
vation of fish and possibly the mercury in billfish 
scare has emphasized this. The belief is now that 
there is a dangerous level of mercury in the blue 
marlin and here in Kona we catch more blue marlin 
than anything else. As I have said before, and I will 
say again, part of the revenue in the charter service is 
the sale of fish, if and when the angler leaves it with 
the skipper. We depend on that sale and it has been 
some help in holding down our charter prices and 
without it we are seriously hurt. The blue marlin 
revenue is shared between the skipper and the crew 
and some of the boats have gone out of service because 
they could not take that decrease in the share of the 
profit. However, it is an ill wind that does not blow 
some good, and here the good is concerned with con- 
servation of billfish. 

I think it’s a general trend a t  Kona that if a person 
catches a billfish and it is his first fish, we usually 
keep the fish because the ego has to be built up with a 
photograph of the fish hanging at the dock. We can 
well understand that and it is worthwhile, as well as a 
beautiful advertisement for the Hawaii tourist in- 
dustry. So we take that first fish, but how about the 
second and subsequent fish? The skipper and crew 
ask the angler if it is just another fish as far as he is 
concerned or does he care to have the fish mounted. 
This may be a little expensive for him so they ask if he 
would like to release the fish and let him fight again. 
The angler often agrees. Of course there is always the 
person who can afford to have the fish mounted, so the 
fish is landed. 

The next question relates to the type of tag we can 
put into the fish and how it can be found later. A tag, 
such as a small dart, can be put in the dorsal muscle 
of the fish and the time between the first and second 
capture will show the distance traveled, growth, and 
possibly conditions under which he is caught. I think 
we are all fairly familiar with the dart tag procedure, 
but the previous speaker, Mr. Squire, alluded to 
something which made me feel I should talk about a 
type of lure that is able to bring the fish to the boat 
without injury. Without any blood being shed, and 
without any interference with his swimming or 
breathing, the fish can be brought to the boat and 
kept almost stationary though you have to act quickly 
if you’re going to tag and release the fish. A lure was 
developed here in Hawaii about 3 yr ago, and has been 
improved since then. The concept of taking a billfish 
with this lure is iust the reverse of a normal lure in 

material is applied to that bill you can hold him with 
the bill and bring him to the boat. As a matter of fact 
you hold him so well and can guide him to the boat 
much easier than if he is hooked in the mouth. You 
can use much lighter tackle to do it. I think that’s 
what we’re after. 

I understand from a discussion last night with one 
knowledgeable person that probably it is not the hook 
or the dart tag which kills the fish or shortens his 
lifespan, but an accumulation of lactic acid from use 
of oxygen during the fight. I understand that oxygen is 
stored in the red muscle of the fish for an emergency. 
Then during the fight on rod and reel if he uses it all 
he is a t  the same point as the boxer when he is hang- 
ing on the ropes. Possibly this is what we have to 
avoid when we tag a fish, that is, we have to eliminate 
the fight on rod and reel. We go out purposely to tag a 
fish, possibly with a sonic transmitter in it, and then 
perhaps the fish will live no longer than 48 h. I believe 
when the last taggings were done here with sonic 
transmitter, the billfish did not survive long enough to 
get the information that was really wanted. We had a 
special boat down here with all the sonic gear and it 
seems a shame that these fish appeared to die so soon. 
I suggest that the new type of lure with a transmitter 
could be used to tag the fish without a fight; the 
leader would break after the fish had taken the lure 
and then the chase with the listening devices would go 
into effect. 

Again I want to welcome you all to Kona on behalf 
of all the skippers, even those who aren’t here this 
morning. I know they think sport fishing has 
developed to a very fine point, when these scientists 
will spend their time and their energy to come and 
hold a symposium on billfish. I think sometimes we 
underestimate the importance of the billfish here in 
Kona, and it was not until the international billfish 
tournament, originated by Peter Fithian, that we real- 
ly started to make some strides and realize the impor- 
tance of the billfish fishery. 1 take my hat off to Peter 
Fithian who has brought this to fruition. 

D. Lewis 

Thank you very much, George. The meeting is now 
open to questions from the floor.& Please identify 
yourself as this session is being recorded. 

Discussion 

Mr. Lewis: 
In my privileged position as Chairman, I would like 

- that this lure has no hooks at This new lure was 

provides the hooks on his bill. The bill in each billfish 
*For purposes of brevity, the question and answer section has 

been abbreviated and in some instances paraphrased. Also, ques- 
tions relating to the mercury problem were similar to those raised 

with the idea that the 

is covered with a lot of fine teeth and when proper during the special session on mercury; thus these have been omitted. 
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to ask the first question. Why do scientists have 
different length criteria for billfishes?’ 

Dr. Robins: 
Generally billfishes from commercial catches or 

those found in the market places around the world 
have their bills cut off. If you are dependent upon a 
measurement that includes the bill then a great deal 
is lost unless adjustment factors can be used to deter- 
mine a given length. Also, the bills in two groups of 
billfishes grow differently. 
Captain George Parker (Kona) (comment): 

For a long time there has been some confusion on 
what constituted a black marlin and how it differed 
from a blue or striped marlin. In a black marlin the fin 
is stiff from the outset and you cannot lay it back to 
the body without breaking the joint; this is not true of 
the other species. 

Mr. Shomura: 
A clarification of a point raised by Mr. Delohery. I 

believe the Indo-Pacific agreement quoted by him 
relates to the Indo-Pacific Fisheries Council. This is 
only an advisory body and I believe does not currently 
have any management responsibilities. 
Mr. Lester Walls (Oahu): 

species or a juvenile fish. 
Dr. Robins: 

As far as we know in the Pacific Ocean we have a 
black marlin, a blue marlin, a striped marlin, a 
sailfish, and a shortbill spearfish. We have no 
evidence that there is any other kind of marlin-like 
fish in the Pacific Ocean. The fact that this 
“roundscale” spearfish or “hatchet” marlin has been 
uncovered in the Atlantic Ocean indicates that an eye 
needs to be kept open for things like this. 

I would like to know if the silver marlin is a definite 

Mr. Frank Moss (Sport Fishing Annual): Mr. Goadby (Australia) (comment): 
The pectoral fin of small (les$ than 100 pounds) east Most fishing tournaments generally follow the can be moved, though they IGFA rules. These rules are predicated on the use of will not lie back completely flat as do those of the blue 

and striped marlins. Therefore, we must use other 
identifying characteristics. 

hooks, so the question arises about IGFA acceptance 
of a hookless lure, 

” __ 
Mr. Elwood Harry (IGFA, Ft. Lauderdale, Fla.): 

The IGFA through its international committee and Mr. Palmer (Australia): 

varying number of fish, sometimes surfacing, and 
sometimes encountering a strike then a miss. To what 

During a day’s fishing a fisherman is likely to see a clubs has overwhelmingly voted down the use of any 
entangling devices. 

extent must the data be collected to be useful to the 
scientist? 
Mr. Squire: 

The amount of useful data collected depends on the 
circumstances and the fishery. We have obtained 
good data on catch per angler day by use of the card 
mail-in system. In some fisheries more detailed data 
are collected by the logbook method. What is needed 
is a standardized log which will ensure receipt of the 
kind of statistics needed for the sport fishery. 
Dr. J. Delohery (Australia): 

A question to Mr. Stroud. The Atlantic Ocean tuna 

Mr. Frank Mather (USA): 
Question to Peter Goadby. Is a billfish which 

“lights up” more apt to strike than one that does not? 
Mr. Goadby (Australia): 

It appears that fish “light up” more in warm water 
than they do in cool water. One angler reported that of 
11 marlin he caught that had followed the bait, only 1 
was seen to “light up.” On the other hand in Cairns, 
black marlin are observed “lit up” from the time they 
are first sighted. It is my personal belief that the 
phenomenon is like birds exhibiting their brightest 
plumage during the mating season. 

agreement includes billfishes, while the Indo-Pacific 
and Pacific Ocean agreements do not. How can we get 
billfishes included into those two agreements? 

Mr. Eugene Nakamura (USA): 
I would like to direct a question t o  some of the 

sDorts fishermen here. Fishermen in the Gulf of Mex- 
I 

Mr. Stroud: 
You would have to amend the articles of the 

Convention. In case of the ICCAT, the term “and 
tuna-like fishes” was included and defined so as to 
specifically include the billfishes. 

’During the course of the Symposium sportsmen and scientists 
commented on the need for a standardized set of measurements for 
billfishes. There was a consensus agreement that the publication by 
L. Rivas entitled “Definitions and methods of measuring and count- 
ing in the hillfishes (Istiophoridae, Xiphiidae)” should be reproduced 
in this volume, since it is currently out of print. Rivas’ paper appears 
as Annex 10. 

ico do not use artificial lures when fishing for billfish, 
but use fresh or frozen fish. Yet in this area (Hawaii) 
just about all lures are artificial. Why? 
Captain Parker (USA) : 

This question comes up frequently on the charter 
boats. If we need live bait we catch them on the 
fishing grounds. Anglers are surprised that we troll for 
so long with artificial lures. We troll a t  high speeds in 
order to cover the maximum area. At these speeds it is 
difficult to maintain a frozen fish or even a freshly 
caught fish on the hook for any length of time. Also, 
we consider that the sound of the propeller and the 
boat’s wake, the sound that the lure makes “diving” 
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in the water, and the trail of air bubbles created by 
the lure, are all very important factors. In our ex- 
perience, the artificial lure also has taken more of the 
large fish than the skipping bait or the live bait. Each 
area seems to have one favorite fishing method which 
is considered to catch the most fish. 

Mr. R. Johnson (Sports Illustrated): 
Question to Dr. Robins. Does the hookless lure ex- 

tend the life of the fish after it has been released? This 
is apart from any questions of tournament rules. 

Dr. Robins (USA): 
I am not familiar with this particular lure. I am per- 

sonally convinced that the reason a lot of fish, par- 
ticularly blue and black marlins, die after release is 
the build up of lactic acid in the body after they have 
been “played” for a long time. To investigate this 
problem we need to use sonic lures and track the fish 
after release. 

Mr. R. Johnson: 
Does Captain Parker consider it possible to main- 

tain a charter business with customers going out with 
the understanding that they are to use a hookless 
lure? 

Captain Parker: 
Yes. Trying to build a lure that will hold the fish on 

the end of the line has been the desire of man ever 
since fishing began. May I remind you of the advent of 
nylon lines, the glass fiber rod, and the two-hook lure. 

Mr. Lewis: 
As there appear to be no further questions, I will ask 

Peter Fithian to summarize this session. 

Mr. Fithian: 
Thank you, Mr. Chairman. Dr. Robins talked about 

the valuable information that could be derived from 
good photographs and how these should be taken to 
avoid distortion. An identification tag showing loca- 
tion and time of capture, and weight and length 
should be visible in the photograph. He said that 
scientists must follow up on what they request from 
the sport fishermen and I agree that this is a very im- 
portant point. 

Mr. Goadby spoke of the active manner in which 
Australian oceanic game fishermen have cooperated 
with marine scientists, especially in tagging 
programs. Results from these have already suggested 
some interesting migration patterns for the black 
marlin off the east coast of Australia. 

Mr. Craig commented on the value of records and 
other data in fishing club files and how useful club 
yearbooks can be to the scientist. I know that Mr. 
Harry of the IGFA always asks clubs to send in their 
yearbooks and it occurs to me that this might be the 
simplest way for scientists to get hold of them. 

Mr. Stroud spoke about the activities of the Sport 
Fishing Institute. In particular, he summarized the 

history of the conflicts between the Japanese commer- 
cial longline fishery for tunas and billfishes and the 
recreational fisheries in the Western Hemisphere, and 
how some of the problems were resolved. Finally, Mr. 
Stroud stated more funds were needed for game fish 
research and how this might be achieved. 

Mr. Squire indicated the type of catch and effort 
data scientists need from the angler. He outlined the 
type of surveys he makes on an annual basis for the 
eastern Pacific Ocean area. He also emphasized the 
need to know how much effort (time) is deployed 
which results in no catch. 

Captain Parker commented that he believed the 
charter boat captains and crew can provide a lot of 
good data for the scientists, both on the fish and the 
environment, if only they took the time to record it. 
He was also very concerned about the lack of revenue 
from the sale of the fish following the mercury 
problem, as this is a serious economic problem in the 
Hawaiian charter boat industry. There was a very in- 
teresting discussion of the hookless lure, which might 
be useful for tagging purposes as it causes no damage 
to the fish, apart from other conservation aspects. 

The general discussion ranged widely, both on 
points raised by the panelists and from the floor. The 
most important related to requests for printed infor- 
mation on the correct way to measure billfishes and 
take photographs of them for scientific purposes; 
detailed standardized logs for sport fishing vessels; 
tagging methods; international fishery agreements 
and the billfishes; identification of rare species like 
the “hatchet” marlin or “roundscale” spearfish; and 
the “lighting up” of billfish at certain times. There 
was a long and lively discussion of the merits or 
otherwise of the hookless lure for angling and scien- 
tific purposes, and the official position of the IGFA 
with regard to this device from the sportsmanship 
standpoint. 

Mr. Chairman, with your permission, I would like 
to advise this group of some resolutions which the 
Board of Governors of the HIBT intends to consider 
and present in a final form at a later date. The first, in 
draft form, is really addressed to NMFS, which has 
the authority and responsibility for matters dealing 
with marine sport fishing throughout the United 
States of America: “It has been established a t  the 
International Billfish Symposium that the successful 
work on billfishes to date has arisen as a by-product of 
other research, and whereas the billfish are generally 
conceded to be the ultimate fishing quarry though lit- 
tle is known about their biology and distribution, the 
Board of Governors of the HIBT resolves that the 
National Marine Fisheries Service be requested to 
focus attention on billfish research over the next 5- 
year period in order that a system for rational inter- 
national management may be realized by a 
cooperative effort of all those parties involved.” 

The second will be a very self-serving resolution in 
which we suggest that the Secretary of Commerce 
consider appointing to the advisory committee of 
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NMFS a representative from the central Pacific 
Ocean area. 

In relation to the mercury session, which we pur- 
posely put on in the evening and a t  which attendance 
was not as good as hoped, we are addressing a resolu- 
tion to the Governor of Hawaii which discusses the 
problems, both economical and philosophical, 
brought about by State prohibition of the sale of 
marlin. The Governor is interested in what goes on 
around this coast; although he is not a fisherman, he 
is interested in this tournament and serves as 
Honorary Chairman. We will ask him to direct the ap- 
propriate department to undertake studies which may 
lead to an economic use of the carcasses and which 
might meet both the economical and philosophical re- 
quirements. There may be some additional things, 
Mr. Chairman, which we will put in the form of 
resolutions and present to the Board of HIBT at the 
appropriate time. 

A final word, Mr. Chairman, to echo the words of 
Captain Parker this morning, to say what a pleasure it 
has been to the HIBT and myself to see you all 
gathered here in Hawaii. 

Mr. Lewis: 
Thank you, Peter. This concludes the proceedings 

here this morning. However, I do not think we should 
adjourn before I have had the opportunity to thank 
Richard Shomura for putting together this meeting. 
He did a lot of hard work with a fine result. Thank you 
very much. The meeting is adjourned. 
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ANNEX 2 
Welcoming Address 

The Honorable Shunichi Kimura 
Mayor, County of Hawaii 

by 

Thank you very much, Dick. This must be a very competent kind of gather- 
ing, because for once they got me a maile lei short enough to fit my stature. 

But you know I’m particularly happy to have Mr. Roedel and Dick and all 
of you here a t  this very distinguished gathering of scientists and environmen- 
talists and sportsmen. I do want to make a confession to all of you though, 
that the only knowledge that I have about fishing is that I do get seasick and 
by the food that I eat; I eat raw fish by the tons and I have a 10-gallon 
aquarium in my house and this is the extent of my abilities as far 88 the 
fisheries are concerned. 

But I do want to, like all of the others, extend a very warm welcome to all of 
you on this Island; we’re very privileged to have this kind of distinguished 
group of experts in the marine billfish area. However, I’m going to leave to 
Mr. Roedel the overview and the technical side because I know absolutely 
nothing about this area. But I do want to share with you some of the folks 
that the Island of Hawaii has in the areas of research and scientific endeavor. 

I have a strong feeling that if this Island is going to depend upon 
agriculture and the visitor industry, I suspect many of us would be leaving 
this Island to live in San Francisco or La Jolla or some other swinging place 
throughout the country; what we really want on this Island is a combination. 
If we want agriculture. we want agriculture plus the expertise in tropical 
research in the agricultural area; if we have the visitor industry, we want the 
visitor industry not solely for itself but because we think that we can combine 
a very unique destination area. For instance, in this Kona area with Peter 
Fithian’s imaginative leadership and the biggame fishing area, combined 
with the things such as Mr. Roedel and Dick and Bob are doing here on the 
Symposium I think creates a particularly unique and particularly exciting 
kind of a visitor destination area. And so we’d like to extend all of the best of 
resources that we have to develop that kind of scientific and research 
capability. As you know, NOAA already has a major facility up on Mauna 
Loa with the Atmospheric Research group. Up on Mauna Kea. the tallest 
mountain that we have. we also have the NASA people with their &-inch 
telescope and the French coming in with their 150-inch telescope within a few 
years. In terms of geothermal kinds of research we obviously have a greater-  
pertise in volcanology; we’ll try to extend this and participate with the 
Atomic Energy people and the people in the National Science Foundation 
and the other agencies so that we can have major research in the area of 
geothermal power and energy. We have approximately about one quarter 
million dollars in appropriations from the State and County governments for 
this particular kind of energy research. And if we look a t  the rains that fall on 
these Islands we have a fairly competent area in terms of cloud physics kinds 
of research a t  the University of Hawaii Hilo Campus. And we can go on and 
on. What we’ve done really is take all of the natural resources that are found 
on this Island and tried to develop them so that  we can have fairly substantial 
research and development kinds of facilities on this Island. As I welcome you 
here I’d like to also ask your support. your help, and your counsel in how to 
develop the fisheries kind of expertise on this Island, in terms of developing 
facilities, in terms of inviting you people back again when you have ad- 
ditional information and additional need to get together. I’ve already asked 
Mr. Roedel for his assistance and he’s already given me advice as to how we 
can go about it to try to extract field station and field facilities and 
possibilities of a common research station here on the comer area on the 
Island of Hawaii. We’re pushing for a retreat, a scientific retreat area up on 
the northern part of this Island, so that  we can have scientists come here to do 
research and, of course, to have a retreat in an area where they can quietly 
work on their cases and their particular kinds of endeavors. 

S o  what we hope to do really on this Island. then, is to create a tremendous 
expertise in tropical agriculture, both in the business end and in the area of 
research. We also want to create a very unique visitor area, an area that’s not 
only wonderful in terms of recreational visits, but also in this kind of a 
tremendous combination of the Peter Fithians and the National Marine 
Fisheries Service. Of course, we want to extend our research and development 
abilities throughout the Island of Hawaii and make these indeed one of four 
major industries. But in trying to achieve all of these very lofty and greater-  
pectations for this Island, we are going to need the help, the expertise. and 
the counsel of all of you. I hope that I can ask your help in trying to attract to 
these Islands various scientific conferences and symposiums and retreats 
because we do not have that much expertise or that  much capacity in 
reaching all of the scientific and research groups that we need to come to this 
Island to hold their deliberations. 

So again I want to thank you very much; we’re very happy to have all of you 
here. It is a great privilege for all of us to have such a gathering of all of the ex- 
perts in the areas of billfish and marine fisheries. I hope that if there is 
anything that we can do to make your stay here that much more pleasant or 
enjoyable please do not hesitate a t  anytime to call upon myself. Thank you 
very much. 
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ANNEX 3 
Opening Address 

Philip M. Roedel 
Director. National Marine Fisheries Service 

National Oceanic and Atmospheric Administration 
l1.S. Department of Commerce, Washington, DC 

by 

Mr Chairman. Mayor Kimura. distinguished guests, participants in the 
First International Billfish Symposium. It is a great pleasure to be with you 
today, for the opening of what I am sure will be a m w t  eventful Symposium. 

I want first to hring you greetings from the Administrator of the National 
Oceanic and Atmospheric Administration. Dr. Robert M.  White, who asked 
that I extend his best wishes to all of you. 

This is a particularly happy occasion for me. I have many pleasant 
memories of Hawaii, extending back to the Pacific Tuna Biology Conference 
held in Honolulu in 1961 and including the Hawaii Governor's Conference on 
Central Pacific Fishery Resources in Hilo in 1966 in which, I recall, Mayor 
Kimura participated. There have been others as well, but these two meetings 
illustrate the importance attached to fishery resources both by officials of the 
State of Hawaii and by the Federal Government. The Symposium we are 
opening today is. 1 believe, a worthy successor t o  its forerunners. 

This is the first scientific Symposium sponsored by the National Marine 
Fisheries Service since its founding nearly 2 yr ago. I think it is especially ap- 
propriate that the subject is a group of fishes of primary concern in the 
United States t o  apok fishermen. I say this because of the origin of NMFS. 
which was formed in 1970 as a component of the National Oceanic and At- 
mospheric Administration (pursuant to Reorganization Plan No. 4 of 1970,84 
Stat. 2090). The constituent parts of the new service came primarily from the 
former Bureau ol Commercial Fisheries in the Department of the Interior. 
The service also includes, however, the migratory marine game fish program 
of the Bureau of Sport Fisheries and Wildlife, and this gives the new 
organization a far different role from that of its chief predecessor. The Sym- 
posium helps emphasize this: The  concern of NMFS for the resource as a 
whole, and its responsibility to all user groups. be they sportsmen, commer- 
cial fishermen, or someone else. 

The idea of an International Billfish Symposium actually dates back to the 
late 1960's when Richard Shomura was stationed a t  our Honolulu 
Laboratory. He maintained his interest when he transferred to the mainland 
in 1970. and he organized a workshop on billfishes which was held a t  the 
Tiburon (Californial Fisheries Laboratory in 1971. Final plans for the Sym- 
posium were developed a t  that  workshop. 

The Symposium agenda is comprehensive and substantive, and I want to 
congratulate Mr. Shomura. who served as Chairman of the Organization 
Committee, and the other committee members, Messrs. Iversen, Squire, 
and Williams. for a joh well done. 

1 want at  the same time to express my appreciation to the cosponsors (the 
County of Hawaii, the Hawaiian International Billfish Tournament. and the 
State of Hawaii) for all they have done to make this event possible. and to the 
Food and Agriculture Organization of the lJnited Nations for its support. 

Why a symposium? There are two primary reasons. First, billfish research 
in most partsof the world is a by-product of other activities primarily in areas 
where there is an active tuna research program. Scientific study of the 
billfishes hns thus been relatively limited. Most of what we know about the 
size and distribution of stocks, and effects of fishing upon them must be in- 
ferred from catch statistics from the fishing nations, primarily Japan. 

Because of this generally secondary role, communication among scientists 
on a worldwide basis has been something less than adequate. This Sym- 
posium is a step in the right direction toward meeting what we regard as an  
urgent need for scientists to exchange ideas and viewpointa. Second, and of 
equal importance, the Symposium will permit interaction, also on a 
worldwide basis, between scientists and sport fishermen with respect to a 
major high-seas fishery, something that appears to be both unique and long 
overdue. 

Let me turn now to the fishery. While man has harvested billfish since 
before recorded history and has taken them recreationally for many decades, 
the total catch has been relatively small until fairly recently. 

We have, since World War 11. seen a marked expansion of longline fishing 
for hitherto relatively unexploited high-seas stocks. Before that time, billfish 
had been harvested lightly, primarily because they are nonschooling species 
scattered over wide areas, and hence were not taken efficiently before the ad- 
vent of longline gear. 

The most recent statistics published by the Fmd and Agriculture 
Organization of the United Nations show that the global commercial catch in 
1970 was about 101 thousand metric tons (Table 1). Of this, about 70 thou- 
sand were taken in the Pacific Ocean, 20 thousand in the Atlantic Ocean, and 
10 thousand in the Indian Ocean. While some 20 nations reported billfish 
catches in 1970, Japan continued to dominate with some two-thirds (67 thou. 
sand metric tons) of the total. Taiwan ranked second, with over 15 thousand. 
Canada, in third place, tmk under 5 thousand. The United States was 

eighth, with about 700 metric tons. The U.S. commercial fishery is relatively 
insignificant; it is sport fishing that is the critical item in this country. The 
total sport fishing catch is unknown, but it unquestionably adds considerably 
to the total harvest. 

Sport fishing for billfishes takes place in many parts of the world: East 
Africa. Australia, American Samoa, Hawaii, California. the Pacific Ocean 
waters of Mexico, the Gulf of Mexico, and several areas in the Atlantic 
Ocean. Commercial fishing is even more widespread but i t  is basically a high- 
seas fishery. The sportsmen generally operate much closer to shore. This is 
not to say there is not or has not been conflict for there has, particularly off 
the west coast of Mexico and in the Gulf of Mexico, where the longline fishery 
did intrude into some prime big-game fishing grounds. The big-game anglers 
watched this incursion and noted the reports of increased catches of 
billfishes. They understandably became alarmed for the future of their sport, 
and indeed for the future of the resource itself. 

What about economics? Hawaii offers a good example of the relative 
magnitude of sport versus commercial fishing for billfishes in the United 
States. In 1968 some 35 charter boats earned an  estimated $700.000 in charter 
fees. The commercial value of billfishes landed by the small longline fleet 
operating in Hawaii that year was about $225,000. In 1970, the value of com- 
mercial landing5 01 billfishes was about $290,000, but in 1971 it fell to less 
than $15O,O(x). In 1971, the charter boats numbered about 48, and the earn- 
ings from sport fishing for billfishes were about $1.3 million. Obviously in 
Hawaii. revenue from recreational fishing for billfishes far exceeds the 
economic gains from conventional commercial fishing enterprises. Similar 
circumstances likely prevail elsewhere. (The marinas and vessels supporting 
a charter fishery are also commercial enterprises, but they are not identified 
as commercial fishing enterprises in the usual sense of that  term.) 

We are thus dealing with a group of oceanic fishes prized equally by 
sportsmen and by commercial fishermen. They comprise a resource of un- 
known size, but the rapid growth of the global fishery in itself is enough to 
give us cause for concern. Through this Symposium, we hope to get a better 
fix on the present state of knowledge and where we should devote our major 
efforts in the next few years. if we are to understand the dynamics of these 
several species. 

Assuming we have or can soon attain sufficient knowledge of the status of 
the stocks to permit rational recommendations for management, what then? 
[f analyses of available data indicate a need for reduction in fishing effort on 
some or all of the stocks, how does one proceed? We are faced with the need to 
understand some extremely complex biological systems, and with the equally 
difficult matter of solving political and social problems of allocation among 
nations and among user groups within nations. Except in the Atlantic Ocean, 
where billfishes are included In the frame of reference of the International 
Commission for the Conservation of Atlantic Tunas (ICCAT), no mechanism 
for international action exists. 

There is. of course. a Law of the Sea Conference (LOS) scheduled for 
Geneva in 1973. A number of preliminary meetings have been held, and as a 
matter of fact, a preparatory meeting is now taking place there with strong 
representation by knowledgeable fisheries people. On the US. Bide, industry 

Table 1.-World catch of billfishes by waters, 1970. 

Species Pacific A t g C c  Ocean Total 
Indian 

..._.____...___ T h o u s a n d s  of Metr ic  Tons-------------- 

Sailfish 9.1 1 .o 1.1 11.2 
Blue  mar l in  1 18.8 3.0 4.1 25.9 
Black  mar l in  f 
Str iped  mar l in  22.1 0 3.1 25.2 
White mar l in  0 1.0 0 1.0 
Broadbill  

swordfish 20.4 15:7 2.2 38.3 
T o t a l  70.4 20.7 10.5 101.6 

_- -~ 

Source: F A 0  Fisheries Yearbook 1970 
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(not sportsmen) has had considerable input into the preparatory meetings. 
and NOAA and NMFS have had top level people on the U.S. Delegation. 

The present US. position on fisheries was articulated m a t  forcefully by 
Ambassador Donald L. McKernan at last spring’s preparatory meeting held 
a t  the United Nations in New York. 

To  quote MI. McKernan, this position i s”  . , . based on a species approach, 
that is, on the principle that the management and harvesting of fisheries 
should be governed by the biological distribution and migration of fish 
stocks, rather than by arbitrary jurisdictional boundaries.” The  position thus 
depends on the fact that  some species are distributed along coastlines, others 
are principally migratory on the high seas, while still others are spawned in 
freshwater and mipa te  to the coastal areas and onto the high seas. These 
three categories of coastal, high seas, and anadromous stocks form the basis 
for the species approach to international management. 

Marine species in general and billfishes and tunas in particular do not 
respect the lines drawn in the Ocean by governments about their coastlines to 
delineate their territorial seas or contiguous fishing zones. This is one of the 
reasons fisheries is probably the thorniest of all the LOS issues. 

The United States species approach calls for the coastal fishes, such as 
anchovies, cod, and hake, to be managed by the adjoining country, with that 
country having a preference in harvesting those stocks. If the adjoining coun- 
try did not catch all the harvestable surplus of a given stock. other countries 
could take the remainder. The anadromouri species, such as salmon, would be 
managed throughout their migratory range by the coastal country. 

The high-seas species. such as tunas and billfishes. would be managed 
through an international arrangement, either of a regional or worldwide 
nature, perhaps similar to or based upon existing international conventions 
for conservation and management of high-seas resources. Existing conven- 
tions of this nature include the very successful Inter-American Tropical Tuna 
Commission in the eastern Pacific Ocean, and the more recently established 
ICCAT (which includes billfishes and to which I have already alluded). 

The whole question of how best to manage high-seas stocks thus remains 
unresolved, and we cannot hope for resolution until we know the outcome of 
Geneva. We can hope that a rational scheme will be forthcoming and that by 
the time it is effective we will be well on the road toward obtaining the scien- 
tific knowledge basic to its implementation. 

I want to turn briefly to a serious problem facing us particularly in the 
United States. I refer to heavy metals found in small amounts in many fishes, 
and for one of which, mercury, the U.S. Food and Drug Administration 
(FDA) has established a guideline of 0.5 parts per million. Certain fish. 
among them billfish and particularly swordfish. frequently exceed this 
tolerance. Hawaii offers a good example of the impact of mercury on fishing. 

Until the heavy metal problem arose in 1970, Hawaii had no difficulty in 
disposing of the billfish sport catch, for the fish were used a s  food ashore. 
Mercury at  levels above the FDA guidelines changed this, and both sport and 
commercial fishermen are now faced with determining how to dispose of the 
catch. 

Because of the intense local and worldwide interest in the subject, the 
scientific papers bearing on it will be summarized a t  a special public evening 
session a t  which Dr. Albert C. Kolbye. Deputy Director, Bureau of Foods, 
U S .  Food and Drug Administration, will speak. 

While this is the first time a scientific meeting has been held in concert 
with the Hawaiian International Billfish Tournament. it is the 14th year for 
the tournament. MI. Peter Fithian. its chairman and a participant in the 
Symposium. is one of the founders of the tournament which has done so 
much to further sport fishing in Hawaii. 

Tournaments of this sort are becoming even more popular and more 
numerous. On the Pacific coast, we have the Sen Diego Marlin Club In- 
vitational Light Tackle Tournament. A swordfish tournament will be held for 
the first time this September near Santa Barbara, Calif. Several southern 
California billfish clubs stage tournaments about the tip of Baja California, 
which with the west coast of Mexico from Acapulco to Guaymas. has long 
been an  internationally famous billfish area. One of the pioneer tournaments 
is that  conducted by the Tuna Club of Avalon. the world’s oldest billfishing 
club It was founded in 1898 by Dr. Charles F. Holder. the originator of the 
Tournament of Roses in Pasadena, Calif. The organization began as a bluefin 
tuna club and held its first tournament in 1899. It expanded to include 
striped marlin in 1903. and recorded its first swordfish on rod and reel in 1913. 

All along the Atlantic and Gulf coasts. major billfish tournaments are held 
annually: from Nantucket and Cuttyhunk. Mass.; Cape May. N.J.; 
Hatteraa. N.C.. Cape Canaveral. Palm Beach. Miami, and Panama City. 
Fla.: New Orleans, La.: Galveston. Tex.; San Juan, P.R.; and the islands of 
Cozumel and Mujeres off Yucatan. Mexico. This does not pretend to be a 
complete list. but it does show the widespread popularity of these tour- 
naments. 

No such recitation would be complete without mention of the International 
Game Fish Associatian (IGFA), founded over 20 yr ago by MI. Michael 
Lerner. who is today its chairman. One of the objectives of this organization 
is to keep world records of saltwater game fish. The IGFA has as members the 
competitive clubs around the world and is governed by an international com- 
mittee. Its contributions to marine game fishing are legendary. 

I want to touch on cooperative research efforts. We have for several years 
heen conducting a Cooperative tagging project off the west coast of Mexico in 
an effort tn monitor the impact of fishing, including the Japanese longline 
fishery. on billfish stocks. We have expanded our studies this year to utilize 
the catches made during tournaments EO give us additional information on 
stock and recruitment in the South Atlantic Ocean and Gulf of Mexico. The 
cooperative game fish tagging program that MI. Frank Mather of the Woods 
Hole Oceanographic Institute has fathered for more than 20 yr, will be sup- 
ported substantially by NMFS as a part of our expanded game fish program. 
Informstion to he gained from these studies is vital to our mission of 
representing all U.S. fishery interests, sport and commercial, in negotiations 
with other high-seas fishing nations. 
In closing. I want to propoee that this Symposium be dedicated to the 

memory hf two men, one a scientist, one a sportsman. who did much to 
further our knowledge of the ocean and of fisheries: Dr. 0. E. Sette and Col. 
John K .  Howard. 

MI. Chairman, Mayor Kimura, I believe we are opening a Sympoeium that 
will have a lasting value. I appreciate the opportunity to be a participant. 

Aloha and mahalo. 
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ANNEX 4 
Address 

Michio Takata 
Director, Division of Fish and Game 

by 

Mr. Chairman, it is certainly a pleasure to see such an array of scientists 
and sportsmen from all comers of the earth assembled here for this Sym- 
posium. I would like to merely add our welcome to that extended by Tom 
Stuart, on behalf of the Division of Fish and Game of the Department of 
Natural Resources. I extend my warm welcome and aloha to you all and 
although we are cosponsors of this Symposium, I must admit that  the 
National Marine Fisheries Service did most of the hard work that went into 
organizing the Symposium. The National Marine Fisheries Service has put 
together a fine looking program and I look forward with you to a very in- 
teresting and productive 3 days of discussion and exchange of ideas and infor- 
mation about the billfishes. I wish you all a very pleasant visit. Mahalo. 

ANNEX 5 
Address 

J. Thomas Stuart 111 
Special Assistant to the Marine Affairs Coordinator 

State of Hawaii 

by 

I am happy to be representing Dr. John Craven and the Office of the 
Marine Affairs Coordinator here today. 

Increasingly we are aware of the importance of oceanic studies in the future 
of all nations, but especially those that border the great oceans of our planet. 

This week's Symposium is a strong reflection of Hawaii's deepening in- 
volvement in our total understanding of one of man's least understood fron- 
tiers. 

Hopefully, the future will see many more such gatherings as today's. For no 
matter how specific the subject area, all new findings will benefit more than a 
few in our continuing quest to find the solutions to problems of pollution, new 
food resources, better use of all marine resources-not least of all the more 
effective and pleasurable use of our leisure time. 

Thank you. 
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ANNEX 6 
A d d m  

Peter Fithian, Chairman 
Board of Governors. Hawaiian International 

Billfish Tournament 

by 

Aloha. I cannot tell you how delighted the billfish tournament is that  you 
are all here. I do not think that you should all stay in one room a t  one time 
because if anything happened I do not know who else would be working on the 
billfishes. Believe me this is very important to a lot of sportmen like myself. I 
am sure in this room on Saturday morning that you will get many questions 
and ask many questions that could throw a lot of light on a lot of subjects 
which I am sure are near and dear to your hearts and ours. I sincerely hope 
that as a result of the meetings here between scientists and sportsmen, we 
will be able to provide all the channels of communication which 1 think have 
been sorely lacking in this field. I have no background in science a t  all. 1 
managed normally to flunk chemistry and physics annually for a number of 
years, but I do have some feel of how sport fisheries are organized in this part 
of the world. I am delighted that so many of you have come to Kona. I extend 
you a warm welcome to come to the pier, wearing your badge please. as it gets 
a little hectic down there. If there are things you want to do with the fish. 
please let us know so that  we can make arrangements. After all we are told 
you do not get them every day in your laboratory. We had nine marlin as of 
noon today, so that  means possibly we will have another half dozen before the 
afternoon is over. Enjoy yourself, this is one of the great fishing areas in the 
world and one of the very pleasantest places to be located. Aloha. 

ANNEX 7 
Text of Cable 

from 
F. E. Popper, Assistant Director-General 

Department of Fisheries 
Food and Agriculture Organization 

of the United Nations 
Rome, Italy 

"FA0 extends best wishes for successful sympoeium which will contribute 
greatly to improve knowledge on billfish biology and resources signed Popper 
Assistant Director-General (Fisheries)." 
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ANNEX 8 
Potential Health Hazards of Mercury in Fish 

by 
Albert C .  Kolbye 

Deputy Director. Bureau of Foods 
and 

Acting Director, Office of Science, 
F w d  and Drug Administration 

Washington, DC 

At the outset, I should like to emphasize several points that  1 would like 
you to keep in mind throughout my presentation. I will be talking initially 
about the effects on health caused by excessive exposures to methylmercury. 
In the normal rnurse of events there is very little, if any, likelihood that peo- 
ple living in the United States would receive exposures comparable to the 
Japanese villagers later described. However. it is necessary to describe what 
can occur in the extreme if we are to understand the present perspective on 
mercury as a potential health problem in the United States and why the FDA 
has set a guideline for mercury in fish 

There is no reason for public alarm or distortion of risk by magnification 
beyond the true perspective. because no health crisis is imminent from mer- 
cury in fish We should understand, however, that there is reason to exercise 
prudence and caution, hence the existence of the FDA guideline. Towards the 
end of my talk I will go into the guideline itself and explain some of the 
reasoning behind it. I would also like to emphasize that there has been no ful- 
ly dorumented instance of a U.S. resident suffering clinically evident mer- 
cury poisoning from exposures to mercui. in fish. However, the occasional 
presence of subclinical brain damage from excessive exposures to mercury in 
fish has not heen excluded, particularly in relation to children of mothers who 
eat unusually high amounts of fish containing substantial amounts of mer- 
cury in the form of methylmercury. One reason for the guideline is to protect 
pregnant women from inadvertently damaging their unborn children. 

The potential health hazards of excesswe exposures to mercury in fish 
primarily relate to the particularly toxic form of mercury most frequently en- 
countered in both freshwater and pelagic fish. Methylmercury IS the par- 
ticularly toxic organic form which, because of its biochemical characteristics. 
is almost totally absorbed from the human gastrointestinal tract and cir- 
culated through the blood to the various organs and tissues where a range of 
harmful effects can potentially occur. In contradistinction to either inorganic 
or other organic forms of mercury when ingested, methylmercury can more 
readily penetrate the “blood-brain barrier,” enter the brain tissue, and cause 
irreversible damage to brain cells. If methylmercury were easily and quickly 
excreted from the human body. then occasional exposures to foods containing 
higher then normal background levels of methylmercury would present little 
reason for public health concern. However. such is not the case with 
methylmercury. 

When we speak of the biological half-life of a substance, we refer to that 
period of time necessary before the body can rid itself of 50‘; of the initial 
amount present. The biological half-life of methylmercury in humans has 
been determined by observational studies on exposed humans and by direct 
experimentation on human volunteers with orally administered radioactively 
labeled methylmercury. The observational results indicate that 69-70 days 
and 76-83 days represent the biological half-life for red blwd cells and 
plasma, respectively. after ingestion of fish contaminated with methylmer- 
cury. The biological half-life of methylmercury-203 as determined by total 
body measurement of the volunteers was 70-74 days. 

Why should we be concerned with this biological half-life of 70 days? The 
practical significance relates to the problem of accumulation in the body if 
intake exposures are significantly greater than excretion. Please note that 
various organs such as brain tissue may have a longer half-life than 70 days, 
while other tissues may have a shorter half-life, thus resulting in the average 
net half-life of 70 days. Our primary concern is with accumulation of 
methylmercury in the brain and a t  this point I should stress not only the 
adult human brain but more importantly the developing fetal brain. 
Methylmercury easily crosses the human placenta into the blood of the 
human embryo as it develops in utero. As the human embryo goes through 
the various stages of development before birth of the infant, its developing 
tissues are much more sensitive to damage from toxic substances than are 
adults. This is especially true for fetal brain tissue which can be exquisitely 
sensitive by comparison. 

Accumulation of methylmercury in the human body has been documented 
many times as to the occurrence of the phenomenon and the brain damage it 
has caused in humans unfortunately exposed to highly contaminated foods. 
Additionally. we have other information from accidents and industrial ex- 
posures of pesticide workers. The results of experimental exposures of test 
animals, including monkeys, corroborate the cause-effect relationships of 
methylmercury to brain damage in human adults and infants. I will try to 
summarize the most significant points of information for you. 

Two episodes occurred in Japan involving fairly large numbers of people 
and the opportunity to perform in-depth studies. The villages of Minimata 
and Niigata suffered similar problems during the 1950’s and early 1960’s. 
Fish and shellfish in the areas contained high levels of mercury (almost en- 
tirely in the form of methylmercury) resulting from local pollution by in- 
dustrial sources. As you know, the Japanese consume more seafood in their 
average diet than we do. There were 121 cases of human methylmercury 
poisoning reported in Minimata of whom 46 died. Among the 121 patients, 
there were 23 infants and children who were affected with a severe cerebral 
palsy-like disease from 1954 to 1959. The important thing to remember here 
is that none of these infants and children so affected had consumed any of the 
contaminated seafood themselves. Most were born with the aftliction not 
only being clinically obvious but in many cases, severe. Some of the severely 
afflicted have never seen, heard. spoken, or made a purposeful motion in 
their lives and in the figurative sense they exist as human vegetables. Others 
are less affected but still severely handicapped. Now comes the  
“hooker”-their mothers appeared to be normal. There were no clinically ob. 
vious signs of poisoning among the mothers a t  that  time, yet their bodies had 
acted to accumulate methylmercury which was transferred through the 
placenta to their own children while the children were developing embryas in 
the womb. 

An additional 47 people. 6 of whom died, were reported from the Niigata 
episode. I visited Japan in 1971 to perform a follow-up evaluation on the 
Minimata villagers and learned that more cases have been recognized than 
had heen reported earlier, apparently due to the delayed effects of 
methylmercury poisoning not being recognized earlier in some of these 
patients. One case was of particular interest. It involved a physician who ob- 
viously would be more likely to recognize the early symptoms of mercury 
poisoning which include tremor, nervousness, and impairment of both vision 
and coordination. He celebrated one evening and drank too much. Instead of 
waking up  with a hangover, he awoke the next morning with clinically ob- 
vious symptoms of mercury poisoning and died 10 days later from the disease. 
At autopsy. his brain showed advanced tissue damage with all the typical 
brain tissue pathologic findings of mercury poisoning. Apparently, he had 
been able to compensate partially for the damage in brain function. Since the 
onset of the disease in adults can be gradual he was able to compensate 
enough to live a fairly normal life until additional brain damage from high 
alcohnl consumption tilted the delicate balance of compensation and his 
brain could no longer function well enough. 

Similar advanced brain damage has been noted to result in Scandinavia 
after accidental short-term industrial exposure to alkyl mercuric pesticides in 
which the worker involved died 20 yr later from an unrelated cause without 
additional mercury exposures. There have been other unfortunate human ex- 
periences with methylmercury poisoning dating as far back as the original 
laboratory workers who first synthesized the compound and as recently as the 
current massive poisoning outbreak in Iraq due to the wrongful diversion of 
methylmercury treated seed wheat by farmers into bread. 

The ability to compensate partially for damaged brain tissue has also been 
noted in Swedish studies of monkeys experimentally exposed to methylmer- 
cury. Some of the monkeys apparently were Largely unaffected as far as their 
normal patterns of brain function were concerned, while others showed gross 
deterioration of brain function much earlier during the course of the experi- 
ment even though the exposures to doses of methylmercury were similar. 
Generally speaking, however, once a monkey showed signs of brain damage, 
further deterioration was very rapid with death usually following shortly. 
When some monkeys showed signs of advanced damage, the Swedish in- 
vestigators then sacrificed several other monkeys apparently unaffected by 
similar exposures to methylmercury and found extensive brain damage a t  
autopsy. Also, when monkeys apparently unaffected were allowed to live 
longer, symptoms then occurred with unpredictable sudden rapidity and a 
quick demise. Similar findings have been noted when cats and rata were 
studied. These were all adult animals. 

There are several points that  these findings bring to our attention. Severe 
brain damage from excessive exposures to methylmercury may go undetected 
in some adults for a while but the damage has occurred even though the time 
of onset of clinically obvious symptoms may vary with the particular in- 
dividual. The brain damage is irreversible although partial compensation 
may temporarily delay onset of obvious disease. Exceasive exposure to 
methylmercury may also contribute to early demise of brain function without 
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being recognized unleas specific examinations are performed by pathologints. 
Extensive exposum to other toxic nuLtances that CM damage brain t i w e  
can produce interactive effecb and potentially reduce the ability of the 
human body to tolerate subclinical exposures to methylmercury. 

Also of interest in Minimata wan the observation by public health officials 
that  a number of teenage children in the village who were born amund the 
time of the original episode are now experiencing difficulty in coordination 
when they attempt to play baseball and basketball. Others have visual im- 
pairment and more obvious signs. It would appear that  subclinical brain 
damage had occurred earlier in their lives. probably before they were born. 
but signs of brain damage were delayed and are now beginning to be eeen. 

In Niigata, the lowest blood methylmercury level awociated with toxic 
symptoms WBB 0.2 ppm. Thin level has been exceeded by certain Swedish 
fishermen eating freshwater pike from streams contaminated by mercury 
emuenta from pulp-paper operations. So far, they have not shown any ob- 
vious symptoms but further investigation is indicated and we hope autopsies 
are obtainable in the future. 

However, the blood level a t  0.2 ppm mercury has been made the reference 
point that  both Swedish and American health authorities use an the 
threehold of toxicity. Using the biologic half-life data to perform steady-state 
calculations, i t  has been determined that a daily intake not to exceed 0.3 mg 
would permit a 70-kg (150-pound) individual to remain a t  or below a blood 

level of 0.2 ppm. Both the Swedes and the Americana determined that a 10- 
fold mfety factor was necesrary and appropriate to protect individual with 
unusual susceptibilitier and infants from subclinic brain damage. 

Accordingly, to maintain blood methylmercury leveln a t  or below 0.02 
ppm. average total dietary intake of methylmercury nhould not exceed 30, g 
per day. This permits an individual to eat 80 g of fuh  a t  maximum permu- 
sible mercury levels (approximately 0.5 ppm) each day over a long period of 
time, without invading the d e t y  factor and accumulating methylmercury in 
the body such that blood levels would e x 4  0.02 ppm. We know that 
Americans eat lese fish than do the Japaneo ,  coruequently since the a v e r a p  
serving of fish in America approximaten 210 g. which in a little l s u  than ‘h 
pound, this means that two meals of fish a t  guideline would UM up 1 weeks 
“ration” of methylmercury (additional expaure  to inorganic mercury). Or 
said another way, one meal of swordfish with average mercury content a t  1 
ppm usen up a week’s ration of methylmercury. Fortunately. mmt finh from 
both fresh and aalt waters are well below guideline. Since many people who 
eat fish eat several meals per week, especially “weight-watching” women 
during their child-bearing years, the FDA guideline exists to protect people 
who like to eat fish from the potential h a m &  of accumulating crceuriuc 
methylmercury in their bodies, and especially to protect children from in 
utero exposum to methylmercury that could caum clinical or rubclinical 
brain damage. 
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ANNEX 9 
Status of Mercury Studies in Hawaii 

Richard A. Marland 
Interim Director 

Office of Environmental Quality Control 

by 

The, State of Hawaii became concerned with the methylmercury in fish 
products in the month of April last year. By May of last year we had con- 
ducted sufficient analyses under the auspices of the State Department of 
Health to show that  the average total mercury content of marlin entering the 
market in Hawaii was just over 4 ppm. These results were corroborated by the 
laboratory which Ms. Shultz represents here, the Pesticide Study 
Laboratory. At that point we asked the fishing industry of Hawaii to withhold 
sale of the blue marlin on a voluntary basis. This has been done ever since the 
request was made. It was only fair that  having had this kind of cooperation 
from the fishing industry, the State of Hawaii should exert all possible efforts 
to establish whether removal of this species from the market was justified or 
to establish the conditions under which it could be sold. The Pesticide 
Laboratory of the University has been conducting analyses to determine the 
extent to which methylmercury is present as part of the total mercury value. 
There are two other efforts now going on, sponsored by the State. One of them 
is of such size and importance that  we have requested funding from the 
National Science Foundation. We have not yet had an affirmative response, 
but this would be a 3-yr study a t  a cost of over $500,ooO. It will include the 
evaluation of some 9,ooO people in Hawaii who are known to have a fish- 
eating habit. You've heard Dr. Kolbye point out that one serving of fish on 
the order of 7 ounces per week a t  1 ppm gives you a full week's quota of 
methylmercury. If you're talking about a fish of 4 ppm, you get down to 
something under 2 ounces a week. It is not unusual for people of Japanese 
ancestry in Hawaii to eat a third of a kilogram of fish a day. On this basis it 
becomes very important that the fish being consumed to that  extent does in- 
deed contain the lowest possible levels of organic mercury. So the study of 
these 9,ooO people of Japanese ancestry would be conducted as an historical 
study to determine if there is any evidence in their medical history of an 
effect of mercury poisoning. There would also be another study of some 300 
people of Japanese ancestry. This 3-yr study will involve a very careful 
monitoring of the diet of these people, examination of their medical history, 
and observations made by physicians. The participants would all be 
residents of Lanai; they are already being studied for medical deficiencies. 
This study, which IS an extensive study planned for 3 years' duration, has not 
yet been started because the cost of the project cannot be met a t  the local 
level. 

Recognizing that we might not be able to get a human epidemiological 
study mounted immediately, the University of Hawaii, Department of 
Animal Sciences, started a program of research in  the winter in which they 
used swine as an experimental animal. Swine, in this case, is an excellent 
animal because the metabolic system of swine is almost identical to that of 
human beings. There are some preliminary data available now from this 
swine-feeding experiment. Substantially there were five groups of swine, one 
on a control ration of feed, another on normal feed plus 1 pound of raw fish a 
day, and three experimental groups in which this 1 pound of fish had added 
mercury of 0.5 ppm. 5.0 ppm, or 50 ppm. These pigs were again subdivided 
because of the interesting results coming from Ms. Shultz's work so that  we 
had half of them on organic mercury and half of them on inorganic mercury. 
Nut too surprisingly, of those pigs that  were receiving 50 ppm of organic mer- 
cury, or methylmercury, none lived past 26 days. They were the only pigs on 
trial that  died during the experiment. Pigs that  were fed 50 ppm of inorganic 
mercury showed liver damage and lymph node damage, and as yet we have 
not conducted the pathological examination of these tieaues so we do not 
know if there was further damage. Pigs that  were fed 5 ppm of organic mer- 
cury in marlin appeared perfectly normal. Upon slaughter, hemorrhage on 
the periphery of the lymph nodes was noted, the lymph nodes were enlarged, 
and the livers had developed fatty tissue above them. There seemed, 
therefore, to be some gross pathology in the pigs that were fed marlin with 5 
ppm of organic mercury. Pigs fed 5 ppm of inorganic mercury showed no 
symptoms or any type of pathology other than perfectly normal growth. 
Those that  were fed the lowest level were perfectly normal, even in the case of 
0.5 ppm organic mercury. The reason for selecting these levels, of course, is to 
establish, as Dr. Kolbye has pointed out, the validity of a 10-fold safety fac- 
tor. Dr. Kolbye will be pleased to hear that  from each of these trials two of the 
females are being retained for breeding purposes and they will be studied for 
three generations to  see whether or not there is a placental transfer of mer- 
cury to the offspring. These experiments. we hope, will lead to some type of 
recognition of the hazard of mercury. We hope the human epidemiology ex- 
periment will lead to some type of recognition of the risk, these data again to 
form a base upon which decisions can he made. We wish that  we could say a t  
this time that  the data are sufficient to make decisions; they are not. We 
don't know whether there will be sufficient data. We hope. of course, it will be 
soon. 
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ANNEX 10 
Definitions and Methods of Measuring and Counting 

in the Billfishes (Istiophoridae. Xiphiidae)’ ’ 
by 

Luis Rene Rivas 

Abs t rac t  

The need for definition and standardization of methods of measuring and 
counting in ichthyology is discussed, with special reference to billfishes. A 
series of measurements and counts for the latter group is proposed and 
methods and definitions for each are given. The body length is discussed in 
more detail in connection with its importance as a base length and attention 
is called to the need for dissection in order to ascertain accurately the number 
of spines in the first dorsal and first anal fins. 

Introduction 

The need for accurate definition and standardization in the use of 
biometric and meristic characters in systematic ichthyology has long been 
recognized (Ricker and Merriman, 1945). It is obvious that with the exception 
of truly self-explanatory characters, most measurements and counts must be 
defined in order to enable other workers to interpret the data. The need for 
standardization arises from the fact that  in most cases. different methods (as 
applied to a given group), no matter how well defined, cannot be equalized 
for comparative purposes. 

Owing to the high precision required, lack of definition and standardiza- 
tion of methods becomes quite a problem in the study of closely related 
species or infraspecific categories. and especially in the biometric analysis of 
populations where several independent workers using different methods may 
be working on the same group. Furthermore, the marked differences in struc- 
ture existing among certain families of fishes usually prevent the application 
of a method to groups other than the one for which it was designed. 

In recent years. the increasing interest in the biometric analysis of pop- 
ulations of tunas by various independent workers, has brought about the 
necessity to define and standardize the methods used in measuring and count- 
ing, The various methods which have been proposed are essentially in agree- 
ment (Godsil and Byers. 1944:125-129; Marr and Schaefer, 1949; Rivas, 1955) 
and have been successfully adopted by practically all workers in the field. 

Also recently, new interest has developed in the taxonomy and population 
analysis of the sailfishes, spearfishes. marlins (Istiophoridae) and broadbill 
swordfish (Xiphiidae), a most confused group collectively known as  
“billfishes.” 

As far as can be ascertained, no formal methods of measuring and counting 
have ever been proposed for the billfishes. A survey of the literature shows 
that most of the methods used vary among the different workers and that 
lack of definitions renders the measurements and counts difficult or i m p -  
sible to interpret. In addition. certain methods of measuring and counting 
employed in the past appear to be unsatisfactory and have resulted in 
questionable taxonomic interpretations. 

For reasons already indicated above, the methods employed in the tunas 
cannot be applied to the billfishes. It is the purpose of the present paper to 
propone a series of measurements and counts for the latter group. based on 
previous field and laboratory experience as a result of studies conducted un- 
der sponsorship of the Charles F. Johnson Foundation. New characters not 
previously used in connection with billfishes are also included. 

All the measurements described (excepting body girth) are straight-line 
distances and are made in metric units to the nearest millimeter, with slide 
calipers or dividers according to the size of thk fish and the distance to be 
measured. (See also Godsil and Byers, 1944:125, and Marr and Schaefer, 
1949241, 242). In large fish, long measurements beyond the range encom- 
passed by the larger calipers may be made with a steel tape graduated in 
metric units. For this purpcee sliding metal or wooden arms similar to those 
used in the calipers should be attached to the tape, taking care that the tape 
remains straight during the measurement, with the arms perpendicular to it. 
As already pointed out by Morrow (195253.54). measurements taken with a 
tape alone are not satisfactory, since a straight line distance can seldom be 
obtained. 

Also, in order to avoid error in the longitudinal measurements, the axis of 
the body should be maintained as  straight as poeaible. This may be ac- 
complished by placing the specimen on a flat surface and properly propping 
up the head, the caudal peduncle and the caudal fin. Although it  is conven- 
tional in ichthyology to use the left side of the fish for the lateral 
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measurements, the best. or either side should be selected, according to the 
condition of the part to be measured. The jaws should be tied cloned. es- 
pecially in connection with measurements involving the tip of the mandible 
as a point of reference. 

The numbers in the text for each measurement correspond to the numbers 
in the figure. 

Measurements  

1.-Body length.-A survey of the literature shows a great deal of 
inconsistency as to the selection of a body length in billfishes and lack of 
definition whereby the points of reference of this measurement can be ac- 
curately established. With very few exceptions, the instrument employed is 
not mentioned and there is no statement as to whether or not the measure- 
ment follows the curvature of the body (tape) or constitutes a straight-line 
distance (calipers or dividers). 

It must be emphasized that since most, or all, other (relative) body 
measurements are referred to the body length as a base length, regardless of 
the method used in expressing proportions (ratioa, regressions. etc.), this 
character must be defined with great care. It is obvious that if the base length 
is in error, all body proportions will also be in error regardless of how ac- 
curately the body parts may have been measured. 

The “standard length” or “body length’ for billfishes as used by mmt 
workers in the past does not seem to be satisfactory for various r e m n s .  There 
has been agreement in the selection of the anterior end-point (tip of bill) but 
the posterior end point is variously interpreted as ” , , . t a i l  b a d  or “ . . . 
mid-point of the peduncle , . ,” (Conrad and LaMonte. 1937, table 1 and p. 
209); or *‘ . . , the midpoint of the shallowest vertical diameter of the caudal 
peduncle.” (Gregory and Conrad, 1939:444), etc. Other workers offer no 
definitions or simply refer to “standard length“ (deBuen. 1950:171) without 
further comment. 

Despite lack of absolute standardization (Ricker and Merriman. 1945), 
most ichthyologists agree in that “standard length’’ is the straight line 
measurement taken between the tip of the snout and the middle of the caudal 
base. where the middle caudal ray joins the last (hypural) vertebra. In the 
billfishes. however. the middle of the caudal base cannot be determined 
without involved dissection. and the structure of the hypural vertebra and 
the caudal fin do not permit the determination of an accurate point of 
reference. Even after performing dissection, the point cannot be estimated 
from external form. For obvious reasons. the middle point on the posterior 
margin of the middle caudal rays (crotch of tail) constitutes a much better 
point of reference from the point of view of accuracy and convenience. In ad- 
dition, the median caudal rays in billfishes are well protected by the upper 
and lower lobes of the fin. and are very eeldom damaged. 
As to the anterior point of reference, the tip, or a considerable portion of the 

distal end of the bill is frequently broken off, or the bill itself may be 
malformed and not attain its true length. For this reason, many otherwise 
valuable specimens have to be discarded or an inaccurate body length will 
result if the tip of the bill is used for the anterior point of reference. The man- 
dible, on the other hand, is well protected by the bill and ita tip is very seldom 
broken off or malformed. 

In the light of the above discussion, i t  is therefore p r o w  that the body 
length in billfishes be measured between the t ip of the mandible (with the 
jaws closed) and the middle point on the posterior margin of the middle 
eaudal rays. 

2.-Body girth.-Measured with a tape on one side of the body following ita 
curvature from the uppermost point on the edge of the dorsal groove, vertical- 
ly to the edge of the pelvic groove (midline of belly in the swordfish); the 
resulting figure is then multiplied by two. This character, when expressed as 
a proportion of the base length, serves 811 a good indicator of the degree of 
robustness of the body. 

3.--First predorsal length.-Measured from the t ip of the mandible to the 
origin of the first dorsal fin. The latter point is the intersection of the anterior 
margin of the fin with the contour of the back when the fin is held erect. 

4.-second predorsal length.-Measured from the tip of the mandible to 
the origin (as defined above) of the second dorsal fin. The origin of the second 
dorsal is not as clearly defined as that  of the first. and the point must be es- 
timated as accurately as  possible. Since this is a long measurement. the 
error. if any. is negligible. 

5.-Prepectoml length.-Measured from the tip of the mandible to the 
origin of the pectoral fin. The origin of the pectoral fin is the intersection of its 
anterior basal margin with the side of the body, when the fin is held erect. 
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Figure 1.-Lateral and  ventral views of a marlin, showing location of measurements. The numbers correspond to the 

numbers in the text. 

6.-Prepeluic length.-Measured from the tip of the mandible to the origin 
of the pelvic fin. The latter point is the intersection of the anterior basal 
margin of the pelvic fin with the belly when the fin is held erect. 

?.-First preanal length.-Measured from the tip of the mandible to the 
origin of the first anal fin. The latter point is determined in the same manner 
as the origin of the first dorsel fin (See above). 

8.--Second preanal length.-Measured from the tip of the mandible to the 
origin of the second anal fin. The latter point is determined in the same man- 
ner as the origin of the second dorsal fin (See above). 

9.-Origin of /irst dorsal to origin of pectoral.-This character is self- 
explanatory according to descriptions of these fin origins as given above (See 
first predorsal length and prepectoral length). 

lO.-Origin of first dorsal to  origin of pe1uic.-This character is self- 
explanatory according to descriptions of these fin origins as given above (See 
first predorsal length and prepelvic length). I t  constitutes a good indicator of 
the anterior depth of the body. 

11.-Origin of second dorsal to  origin of second anal.-The character is 
self-explanatory according to descriptions of these fin origins as given above 
(See second predorsal length and second preanal length). It constitutes a 
good indicator of the posterior depth of the body. 

l?.-Origin of pelvic to vent.-Measured from the origin of the pelvic fin 
(See prepelvic length) to the anterior border of the anus. 

ll.-Origin of pelvic to nape.-Measured from the origin of the pelvic fin 
(See prepelvic length) to the nearest point on the midline of the nape. This 
character gives good quantitative expression of the “hump” associated with 
ontogenetic stages of certain species. 

14.--Greatest depth of body.-This character is self-explanatory. Its 
points of reference correspond with those for body girth as described above. 

15.-Depth of body at origin of first dorsal -Measured from the origin of 
the first dorsal (See first predorsal length), vertically to the midline of the 
isthmus, not including the branchiostegal membrane if it extends to the 
latter point. This character is a good indicator of the posterior depth of the 
head and may be used in connection with origin of pelvic to nape, to obtain a 
quantitative interpretation of the magnitude of the “hump.” 

16.-Depth of body at origin of first anal.-Measured from the origin of the 
first anal fin (See first preanal length), vertically to the edge of the dorsal 
groove. This character is a good indicator of the middle depth of the body. 

17.-Least depth of caudal peduncle.-Measured a t  the precaudal 
transverse grooves. 

18.-Width of body at origin of pectorals.-Measured between the origins 
of both pectoral fins (bee prepectoral length). This character is a good in- 
dicator of the anterior width of the body and may be more accurately and 
conveniently obtained with the fish hanging by the tail. 

19.-Width of body at origin of first anal.-Measured a t  the widest point 
on the vertical from the origin of the first anal fin. This character ia a good in- 
dicator of the middle width of the body and may he more accurately and con- 
veniently obtained with the fish hanging from the tail. 

ZO.-Width of body at origin of second anal.-Measured according to the 
same procedure described for the above character. This character in a good 
indicator of the posterior width of the body. 

21.-Width of caudal peduncle a t  keel.-Measured between the outermost 
point on the edge of each caudal keel (swordfish). Upper caudal keels in 
sailfish, spearfish and marlin. 

22.-Length of upper caudal keel.-Measured between the pointe where 
the keel merges with the caudal peduncle anteriorly and with the caudal fin 
posteriorly. These points, although not well defined, may be estimated fairly 
accurately. Same procedure for single keel of ewordfiih. 

PS.-Length of lower caudal keel.-Measured according to the same 
procedure described above for the upper caudal keel. 

24.--Head length.-Measured from the tip of the mandible to the most 
distant point on the margin of the opercle. 

25.--Snout length.-Measured from the tip of the mandible to the mcet 
anterior point on the fleshy margin of the orbit. 

26.-Bill length.-Measured from ita t ip to the most anterior point on the 
fleshy margin of the orbit. 

ZI.-Reopercular length.-Measured from the tip of the mandible to the 
most distant point on the margin of the preopercle. 

28.--Maxillary length.-Measured from the tip of mandible to the 
posterior end of the maxillary. 
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%-Orbit diameter.-Measured as a horizontal distance from the m a t  
anterior point on the fleshy margin of the orbit. 

3o.--lris diameter.-Measured as a horizontal distance from the moat 
anterior point on the margin of the (ossified) sclera. 

31.--lnterorbital width.-Measured as the shortest distance between the 
uppermost point on the fleshy margin of the orbits. 

32.--Tip of mandible to tip of bill.-This character is self-explanatory. 
Care must be taken that the jaws are well closed. 

33.-Depth of bill.-Measured on the vertical passing through the tip of 
the mandible. 

34.-Width of bill.-Measured on the vertical pawing through the tip of 
the mandible. 

%.-Origin of first dorsal to edge of fin.-Measured from the origin of the 
first dorsal fin (See first predorsal length) to the nearest tip (on dorsal edge) 
of a dorsal spine. This measurement is connection with the anterior height of 
the fin (see below) gives a good quantitative interpretation of the magnitude 
of the anterior dorsal lobe. 

36.-Length of second dorsal base.-Measured from the origin of the sec- 
ond dorsal fin (See second predorsal length) to the end of the fin base: The 
latter point is the intersection of the wsterior basal margin of the last ray 
with the back. 

37.-Length of first anal base.-Measured from the origin of the first ana! 
fin (See first preanal length) to the end of the anal groove. To the last (very 
short) discernible spine in the swordfish. 

%.-Length of second anal base.-Measured according to the same 
procedure described above for the length of the second dorsal base. 

39.-Anterior height of first dorsal.-Measured from the origin of the first 
dorsal fin (See first predorsal length) to the tip of the lobe. 

40.-Length of middle dorsal spine. -The 25th dorsal spine measured 
(erect) from its intersection with the dorsal groove to ita tip. This character is 
a good quantitative indicator of the ontogenetic changes in height undergone 
by the first dorsal fin. 

41.-Anterior heisht of second dorsal.-Measured fmm the o r i q  of the sec- 
ond dorsal fin (See second predorsal length) to the tip of ita anterior lobe. 

42.--Height of first anal.-Measured according to the same procedure 
described above for the anterior height of first dorsal. 

43.-Anterior height of second anal.-Measured according to the same 
procedure described above for the anterior height of second dorsal. 

44.-Length of pectoral.-Measured from the origin of the pectoral fin (See 
prepectoral length) to ita tip, with the anterior basal margin of the fin perpen- 
dicular to the body. 

45.-Length of pelvic.-Measured according to the same procedure 
described above for the length of the pectoral. The fin should be held straight 
and stretched to ita full length. 

46.-Length of aecond dorsal.-Measured from the origin of the second 
dorsal fin (See second predorsal length) to the tip of the last (suctorial) ray 
held straight and against the middorsal line of the back. 

47.-Length of second awl.-Measured according to the same procedure 
described above for the length of second dorsal. 

48.-Length of upper caudal lobe.-Measured from the posterior end of the 
upper caudal keel to the tip of the upper caudal fin lobe. 

49.-Length of lower caudal lobe.-Measured according to the same 
procedure described above for the length of upper caudal lobe, but using the 
end of the lower keel as point of reference. 

50.-Caudal spread.-Measured between the tips of the caudal fin lobes. 
51.-Caudal angle.-Measured by joining three points of reference 

represented by the tips of the caudal fin lobes and the middle point on the 
posterior margin of the middle caudal ray. This character is a g d  quan- 
titative indicator of the change of angulation and concavity of the caudal fin 
among species and ontogenetically within a species. 

Counts 

I.-Dorsal spines.-The number of dorsal spines has not been widely used 
as a taxonomic character in billfishes and there is reason to believe that mat 
of the few counts reported in the literature are not accurate. 

Careful inspection of the anterior part of the dorsal fin will show that the 
first two or three spines are very cloee together, and therefore difficult or im- 
possible to count without dissection. Very often the first and even the second 

spine is extremely short. They are easily missed if the skin covering is not 
peeled off to the base of the fin and the spines separated with the point of the 
knife. Posteriorly. and especially in adult marlins. the dorsal spines gradually 
decrease in length and become very short or obsolete as the second dorsal fin 
IS approached. This condition appears to be correlated with growth, since in 
the post-larval and juvenile stages of billfishes (Beebe. 1941; Arata. 1954) the 
first dorsal fin is continuous with the second, but in the young adult stqrw a 
gap appears externally between these two fina. This gap becomes pmgnssive- 
ly longer as the fish becomes older and is quite extensive in very large 
specimens. 

Dorsal spine counts in billfishes without consideration of the above facta. 
would be inaccurate and lead to false taxonomic interpretations. when 
samples of widely differing age p u p  are compared. Dissection of the 
anterior part of the fin obviously should always be made, and pmteriorly. 
attention should be paid to the magnitude of the gap and the resulting degree 
of external discontinuity between the first and second doraal fins. If the dis- 
tance between the last dorsal spine and the origin of the second dorsal fin is 
about equal to or somewhat greater than the distance between the last dorsal 
spine and the preceding one, no obsolete spines are then present. It is 
recommended that if the gap is of a magnitude indicating the existence of one 
or more obsolete spines the dorsal spine count be followed by the sign plus 
(+).  

9.-Dorsal rays.-All rays are counted. In this fin the rays are easily made 
out without dissection. 

3.-Anal spines.-Counted according to the same procedure described 
above for the dorsal spines. The discussion given above in connection with 
the dorsal spines also applies to the anal spines. 

4.-Anal rays.-Same procedure as described above for the dorsal rays. 
5.--Pectoral mys.-All rays are counted. Although all rays are made out in 

this fin without dissection. care muet be taken that the posterior part of the 
fin is well spread out so that  the very small posterior rays are not m i d .  
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